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PREFACE. 


WHILE every other branch of useful knowledge and science 
may be said to be overwhelmed by initiatory works for the 
novitiate in them, it is no slight reflection on the Naval Scien- 
tific department of this great maritime country, that neither 
rudimentary nor clementary works on the science of Naval 
Architecture, the labours of British Naval Architects, are to 
be found amongst the standard works of our libraries. Hu- 
miliating as this assertion may be deemed, the fact remains 
incontrovertible. There are, no doubt, works on Naval Archi- 
tecture by the Swedish constructor Chapman, and the no less 
eminently talented Naval Architect Clairbois; and these, by 
the industry of Englishmen, have been translated and made 
capable of adaptation to the requirements of the British Naval 
Architect ; but these works, from the depth of mathematical 
knowledge required for their perusal, and from the expense 
attending on their purehase, are sealed sources of information 
to practical and demi-scientific men, and are no Jess the results 
of the gifted minds of foreigners, who have directed their 
energies to a subject of such paramount moment to the British 
Empire, as the improvement of the science of Naval Archi- 
tecture. The imputation of want of cnergy—I will not say 
want of talent—remains at our door; and if this rudimentary 
work, on the necessary calculations to be made for a Naval 
Construction, should excite emulation in this branch of science, 
; A 
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which is of such vast importance to England, as being the 
first Marine Power of the world, one end will have been 
obtained ; and, in addition, I shall feel no small degree of 
pleasure in having added my mite to the general fund of 
useful knowledge, by placing in the hands of the young Naval 
Architect a Rudimentary Text-Book on Nava] Construction. 
J.P. P. 


Wootrwion, 
July 1849. 


The work has been carefully revised and corrected for this 
Second Edition, and some little modification of the general 
formulze of computation has been introduced, with a view to 
greater simplicity. But, with the exception of these slight 
changes, and the insertion of an additional remark or two here 
and there, the treatise is substantially the same as in the 
former edition. 


1854. 


NAVAL ARCHITECTURE. 


PART I. 


The Displacement of a Floating Body considered.— Application of the Law 
thus determined to the Displacement of a Ship, when treated as a Float- 
ing Body.—The Calculations on the Immersed Portions of a Ship abso- 
lutely necessary to avoid Failure and Unnecessary Expense in such costly 
Fabrics. 

WHEN a body floats on a fluid, it displaces as much of that 
fluid as is equal in size and form to the portion of the body 
which is immersed, and the bulk of fluid thus displaced is 
known to be equivalent in weight to the weight of the whole 
body; the measure therefore in solidity, of the portion of the 
body that is immersed, will give the magnitude of the fluid 
displaced, and the weight of this bu!k of fluid will give the 
weight of the floating body. 

It being the object of the naval constructor to ascertain 
with accuracy the displacement and immersion of a ship, it 
becomes thence necessary to measure that portion of the body 
of the ship which it is proposed should be immersed ; to effect 
which, Stirling’s Differential Method has been employed by 
the Swedish constructor Chapman, and the French naval archi- 
tect Clairbois. Their application of Stirling’s Rules cannot be 
too highly prized by the naval architect, giving, as they do 
with precision, the volume displaced, the position of the centre 
of gravity of that displacement, and a comparative stability of 
ships. 

In applying the methods thus adopted by Chapman and 
Clairbois in detail to an example in naval construction, it will 
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be the earnest endeavour, in this Rudimentary Work on Naval 
Architecture, to divest the subject of all teclinicalities, and to 
place it within the comprehension of the uninitiated in this 
branch of scientific knowledge: and if the garb in which the 
intended instruction is clothed should be thought too simple by 
those to whom the application of these calculations may be an 
every-day occurrence, it is at once admitted, that these rudi- 
ments were not written for their edification, although the 
careful perusal of them may, even by such proficients, be 
found to be not wholly without profit and utility. 

Alter having made the novice in such matters acquainted 
with the ordinary modes of conducting these essential calcu- 
lations on the immersed portion of a ship, a more concise 
method of applying the same rules will be given, which will 
be followed by these rules being employed under a system 
which will be found greatly to facilitate the labours of the 
naval constructor, to register and compare the forms of ships, 
whether mercantile or for the purposes of war, and by which 
the qualities of a design for any proposed ship may be deve- 
loped with certainty, and the errors of a constructor be made 
apparent before lis design is put into practice; thence avoiding 
the disgrace, together with the uscless and vast expense, which 
ever await on an unsystematic arrangement of important cal- 
culations, and on unscientific deductions from ill-digested and 
misunderstood results. It is not intended to give the mathe- 
matical demonstrations on which these rules are founded, as 
the knowledge required to follow such demonstrations to the 
desired end is beyond the assumed acquirements of the novice 
—the truth of these rules must be taken bv such persons with 
faith ; and to the scientific no appeal is required in favour of 
the ground-work of the calculations, the accuracy of Stirling’s 
Rules having been tested by the unerring results given by 
siathiematioal research, confirmed as they have been by years of 
practical experience. 
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PART II. 


The Application of Stirling’s Rules to the Measurement of Areas, bounded 
by a Straight Line as a Base and a Curve Line; the first Rule requiring 
an odd Number of Ordinates, the second Rule that the Ordinates must‘be 
in Number a Multiple of the numeral three, with one added. 


Two rules were given by Stirling for measuring the area or 
superficial space enclosed by a curve, and a straight line taken 


as a base; thus, in Fie. 1, 


Fie. 1. 
B 


ee 


A 
A BC is the curve line, and A C the base. 





RuLE THE First. 


If the area bounded by the curve line A BC and the straight 
line A C is required to be estimated, by the rule, the base AC 
is divided into an even number of equal parts, as in Fig. 
No. 2, giving an odd number of points of division. 


me 2. 


g 10 i 12 43 


15 
16 17 a 
19 
atl ‘ 
21 


Al2?3 4 10 11 12 13 14 15 16 17 18 19 20 21C 

Here the base AC is ore into twenty equal parts, giving 
twenty-one points of division, and the lines 1 1, 2 2, 3 3, &c., 
are drawn from these points at right angles, or, as practical 


6 RUDIMENTARY NAVAL ARCHITECTURE. 


men say, square to AC, to meet the curve A BC;; these lines, 
1 1, 2 2,33, &c., are denominated ordinates, and the linear 
measurement of them, on a scale of parts, is taken and used 
in the following general expression of the rule : 


Area = {A + 4P + 2Q} 2. 


Where A= sum of the first and last ordinates, or 1 1 and 
21 21, of Fig. 2. 

4 P= sum of the even ordinates multiplied by 4; or, 

{gnd ee 4th 4 ¢gth a gth 4 19th ae j 2th + 14th + 16th 18th + 20th} 

x 4, Fig. 2. 

2 Q =sum of the remaining ordinates ; or, 

f grd 4 5th 4 7th + gth + jth + 13th 4 15th + 17th + 19th} x 2. 

Fig. 2. 

And r is equal to the linear measurement of the common 
interval between the ordinates, or one of the equal divisions of 
the base AC. This rule, for determining the areca contained 
under the curve and the base, may be put under another form ; 
for as the 


Ares = {A + 4P + 2Q} x = 
it may be transformed into 
Area = je +2P+eh a 
The practical advantages to be derived from this modifica- 
tion of the general rule will appear when the methods of cal- 
culation are further developed. 


RuLE THE SECOND. 


Fic. 3. 
B 


Aes a ee @ 9 io ii isis it 15 tec 
If the base AC be so divided that the equal intervals are in 


number a multiple of the numeral 3, then the total number of 
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the points of division, and consequently of the ordinates to the 
curve, will be a multiple of the numeral 3, with one added ; 
and the arca under the curve A BC, and the base AC, can be 
determined by the following general expression : 


Area = {A + 2P + 3Q} es 


Where A = sum of the first and last ordinates, or 1 and 16. 
Fig. 3. 

2P=sum of the 4th, 7th, 10th, 13th, multiplied by 2; 
these ordinates bearing the distinction of being in position 
as multiples of the numeral 3, with one added. Fig. 3. 

3 Q = the sum of the remaining ordinates, multiplied by 8, 
or of the 2nd, 8rd, 5th, Gth, 7th, 8th, 9th, 11th, 12th, 
14th, and 15th, multiplied by 3. Fig. 3. 

The number of equal divisions for this rule must be either 
3, 6, 9, 12 or 15, &c., being multiples of the numeral 3, 
whence the ordinates wil] be in number under such divisions, 
multiples of the numeral 3, with one added. 

This rule admits also of a modification in form, to make it 
more convenient of application. 

oF 


For Area= {A + 2P + 3Q} x = 


may be transformed into 
Area = {5 + P+ 1:5Q} x as 

As before advanced for the change adopted in the general 
expression for the first rule, the utility of this modification of 
the second rule will be observable when the calculations on the 
immersed body are proceeded with. 

The rules are formed under the supposition that in the Ist 
rule the curve A BC, which passes through the extremities of 
the ordinates, is a portion of a common parabola, while in the 
second rule the curve is assumed to be a cubic parabola; the 
results to be obtained from an indiscriminate use of either of 
these rules differ from each other in so trifling a degree (con- 
sidered practically and not mathematically) as not to sensibly 
affect the deductions derived by them. 
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PART III. 


Method of applying Stirling’s Rules to ascertain the Solidity of the Bulk of 
Fluid displaced by the Immersed Portion of a Ship.—2nd. A Method of 
obtaining the same under a more Concise Mode of Application of the 
same Rules, by means of a Double-columned Table for the Insertion of 
the Mcasured Ordinates of the Areas, 


Stinitine’s Rules, when applied to the measurement of the 
immersed portion of a floating body, as the displacement of a 
ship, are used as follows: 

The ship is considered as being divided longitudinally by 
equidistant athwartship, or transverse, vertical planes, the boun- 
daries of which planes gives the external form of the vessel at 
the respective sections, and therefore the comparative forms of 
any intermediate portion of it. 





If the ship be immersed to the line A B, Fig. 4, considered 
as the line of the proposed deepest immersion or lading, the 
curves H LO and K M F would give the external form of, the 
ship at the positions G and I in that line; and the areas GH LO, 
IK MF, contained under the curves HLO, K MF, the right 
lines GH, IK (the half-breadths of the plane of proposed 
floatation A B at the points G and I), and the right lines GO, 
IF, the immersed depths of the body at those points, are the 
areas to be measured by the Rules 1 or 2; and if the areas 
thus obtained be represented by linear measurements, and are 
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set off on lines drawn at right angles to the line A B at the re- 
spective sections, a curve bounding the representative areas 
would be formed, and the measurement by Stirling’s Rules of 
the area contained under this curve, and the right line, A B, 
Fig. 4, or length of the ship on the load-water line, would give 
the sum of the areas thus represented, and thence the solid 
contents of the immersed portion of the ship in cubic feet of 
space. In accordance with this application of Stirling’s Rules 
to measure the displacement of the ship, the usual practice is to 
divide the ship into equidistant vertical and longitudinal planes, 
the longitudinal planes being parallel to the load-water section 
or horizontal section formed by the proposed deepest immersion. 

To measure the areas of these planes after they have been 
delineated by the draughtsman, the constructor divides the 
depth of each of the vertical sections, or the length of each 
horizontal section, into such a number of equal divisions as 
will make either one or the other of the Rules 1 or 2 ap 
plicable. If the first rule be preferred, the equal divisions 
must be of an even number, so that there may be an odd 
number of ordinates; while the use of the second rule, to 
measure the area, will require the cqual divisions of the base 
A C, Fig. 3, to be in number a multiple of the numeral 3, 
which will make the ordinates to be in number a multiple of 
the numeral 3, with one added. From the points of equal 
divisions in the respective sections thus determined, perpendi- 
cular ordinates are drawn to meet the curve, or the external 
form of the transverse planes of the body; and a table for 
the ordinates thus obtained, having been made as shown by 
Fig. 5, p. 25, the measures by scale of the respective ordinates 
are therein inserted. 

For the area I K M F, Fig. 4, the linear measurements of 
IK, 11, 2 2,3 3,44, are taken by a scale of parts, and in- 
serted in the column marked 5, Fig. 5, p. 25, the whole 
length A B of the load-water line being divided into 10 equa. 
divisions, and the area I K M F being supposed as the fifth 
from B, the fore extreme of the load-water line. To apply 

a3 
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the Ist rule to the measurement of the area of No. 5 section, 
the ordinates are extracted from the table, Fig. 5, and operated 
upon as directed by the rule; viz. 


Areas = {A +4P + 2Q} x 7. 


3 
I K, or first, 1 1, or 2nd, 2 2, or 3rd, 
4 4, or last, 3 3, or 4th, a2: 
———_——— added together or 2 Q. 
added together and x 4 = 4P. 
=A 


By rule, Arca = {A + 4P + 2 Q} x=. 


Whence Area = {IK + 44+ (11+ 33)44+22 x 2}x > 
= arca I K M F, Fig. 4; and, in a similat manner, may the 
several areas of the other transverse sections be determined. 

When these arcas have all been thus measured, they are to 
be summed by the same Rules, the areas themselves being 
considered as lines ; and the result will give the solid for dis- 
placement in cubic feet. To shorten this tedious application 
of the formula given by Stirling’s Rules, the arrangement of 
having double-columned tables of ordinates was introduced, 
as shown in Fig. 6, p. 51; and for the more ready use of this 
enlarged table, the modifications in the formula of Stirling’s 
Rules, before alluded to, were adopted, namely, that of 


Area={a+4P+2Q} x £, into | + +2P+Q} x sil 


and that of 
Sr . ar 


x =, into {Ai pirset xT, 
as rendering the required number of figures much less, where- 
by accuracy of calculation is ensured and time is saved. 

In using a table of ordinates constructed for this method of 
calculation, the linear measurement of the several ordinates of 
vertical section 5, and the corresponding ones of all the others, 
would be inserted in the double columns prepared for them in 
the following order :— 
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In the first and last lines of the enlarged table for the 
ordinates, distinguishable by 4, in the left-hand column of each 
pair, the measurements of the first and last ordinates of the 
respective areas are placed, and in the right-hand column of 
each pair one-half of such measurements, as being one-half 
of the first and last ordinates of each vertical section or area. 
In the lines distinguished by 2 P, in the left-hand column, the 
measurements of the even ordinates of each respective area 
are placed, which having been multiplied by 2, the result is 
placed in the respective right-hand columns prepared for cach 
vertical section : while in those lines of the table distinguished 
by Q, the measurements of the ordinates themselves are placed 
in the right-hand columns, as not requiring, by the modifica- 
tion of the rules, any operation to be used on them, before 
being taken into the sum forming the sub-multiple of the 
respective areas. 

It may here with propriety be suggested, that, in practice, 
the insertion of the linear measurements of the ordinates in 
the table in red ink will be found useful ; and that, after such 
has been done, if the upper line of figures in the table of 
ordinates thus arranged (Fig. 6), be divided by 2, the second 
line of figures multiplied by 2, and so on with the others, 
as shown by the table, and the results thus obtained be in- 
serted in their respective right-hand columns as before described, 
great facility and despatch of calculation will be afforded to the 
constructor. 

That this method will yield a@ correct measurement of the 
areas will be evident by an inspection of the terms of the ge- 


which 


are placed against the several lines of the table of ordinates. 
And it will be. equally apparent, that the sum total of the 
figures inserted in the right-hand columns appropriated to 
each section is a sub-multiple of the area of each section, and 
that these results, arising from the use of the form for area 


neral expression of Area = {2+ 2P 4 a} - = 


? 
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of = +2P+4Q t , will be one-half of those that would 


be obtained by abstracting the ordinates from the table, Fig. 5, 
and using them in the expression A + 4 P + 2 Q; and there- 
fore to complete the calculation for the areas by the rule, the 


first results for the areas must be multiplied by =", and the 


last by ; » where r is equal to the common interval or equal 
division of the base in linear feet; in other words, the ex- 
pression } ++ 2P+Q t must be multiplied by 2, to make 


it equivalent to {A + 4 P 4+ 2 Q} x = 

The sub-multiples of the areas of the vertical sections thus 
determined require to be summed together for the solid of 
displacement, and by considering the sub-multiples of the 
areas to be, as before stated, represented by lines, or propor- 
tionate ordinates, Stirling’s Rules, by the same table of ordi- 
nates, with an additional column, may be made available to 
the development of the solid of displacement. For the sec- 
tional areas being represented by lines, by the first rule, half the 
first and last areas, added to the sum of the products arising 
from multiplying the even ordinates or representative areas, by 
2, together with the odd ordinates or the areas as given by 
. the tables, and these being placed in the additional column of 
the table prepared for them, the sub-multiple of the solid of 
displacement will be given. 

The operation will stand thus: sub-multiple of each of the 


areas == } = +2P+Q ; 3 so that each sub-multiple area 


must be multiplied by the ratio ld to give the whole area, and 


the representative lines for the sub-multiple areas must, of 
course, be multiplied by the same ratio, to obtain the lengths 
for the complete areas; and having used these sub-multiples 
of the areas, thus diminished, in the second operation for ob- 
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taining the sub-multiple of the solid of displacement under 
the same rule, the results will have to be multiplied by the 


ratio =” 3; therefore the sum thus determined will have to be 


multiplied by the quantity ca x to give the solid required. 


In this expression, or x sa 


yr == the equal distances taken in the vertical planes, to 
obtain the respective vertical areas ; 

7 == equal distances at which the vertical areas are apart 
on the longitudinal plane of the ship. 


PART IV. 


The Calculations already made by Stirling’s Rule for ascertaining the 
Volume Immersed, applied to determine the Position of the Centre of 
Gravity of that Volume, or of that of the Displacement.— Position of the 
Centre of Gravity of a System of Bodies.—The same Reasoning applied 
to find the Centre of Gravity of Displacement of a Ship.—Its Application 
under the System of using a Double Table of Ordinates. 

TuHeE displacement being thus determined, by an arrangement 
of an enlarged table of ordinates (pp. 51, 52), the functions, 
arising from the sub-multiples of the areas of the vertical sec- 
tions being placed in Stirling’s Rules to ascertain the displace- 
ment, may be used in the table of ordinates to find the dis- 
tance of the centre of gravity of the immersed body from any 
assumed vertical plane; and also the distance or depth of the 
same point—‘“the centre of gravity of displacement”—from 
the load-water or line of deepest immersion, and that from 
the considerations which follow :— 

In a system of bodies, the centre of gravity of it is found 
by multiplying the magnitude or density of each body by its 
respective distance from the beginning of the system, and 
dividing the sum of such products by the sum of the magni- 
tudes or densities. The displacement of a ship may be con- 
sidered as made up of a succession of vertical immersed areas ; 
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and if it be assumed that the moments arising from multiply- 
ing the area of each section by its relative distance from an 
initial plane may be represented by successive linear measure- 
ments, Stirling’s Rules will furnish the summation of such 
moments; and as the displacement or sum of the areas has 
been obtained by a similar process, therefore, by the rule for 
finding the centre of gravity of a system as before given, the 
distance of the common centre of gravity from the assumed 
initial plane would be ascertained by dividing the sum of the 
moments of the areas by the sum of the areas, or the solid of 
displacement. 

To extend this reasoning to the enlarged table of ordinates 
used for the 2nd method of calculation: the sub-multiples of 
the respective areas, when put into Stirling’s Rules to obtain 
the proportionate solid of displacement, are relatively changed 
in value to give that solid; and consequently the moments of 
such functions of the vertical areas will be to each other in 
the same ratio; and the sum of these proportionate moments, 
if considered as lines, can be ascertained by multiplying the 
functions of the areas by their relative distances from the as- 
sumed initial plane, or by the number of the equal intervals of 
division they are respectively from it, and afterwards, by Stir- 
ling’s Rules, summing these results, forming the sum of the 
moments of the sub-multiples of the functions of the vertical 
areas ; and the proportionate sub-multiple for the displacement 
is shown in the table: the division therefore of the former, or 
the sum of the proportional moments of the functions of the 
areas, by the proportionate sub-multiple for the displacement, 
will give the distance (in intervals of equal division) that the 
centre of gravity of the displacement is from the initial plane, 
which, being multiplied by the value in feet of the equal in- 
tervals between the areas, will give the distance in feet from 
the assumed initial plane, or from the extremity of the base 
line of the proportional sectional areas for displacement. This 
reasoning will apply equally to finding the position of the 
centre of gravity of the body immersed, both as respects 
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length and depth; and on the enlarged tables for construction 
given by Fig 6, p. 51, the constructor, by adopting this ar- 
rangement, will at once have under his observation tLe caleu- 
lations ov, and the results of, the most important elenients of a 
Navai Construction. 


PART V. 


Method of describing a Curve of Vertical Sectional Areas._——Its Application 
to the Calculations required on the Immersed Portion of a Ship.—1st. To 
the Displacement.—Relative Capacities of the Fore and After Bodies of 
Immersion, denoted by the Area of Sections. —The Light Displacement or 
Weight of the Hull of the Vessel, obtained under the same System.— 
Practical Utility of it in stowing the Hold of the Vessel with Stores and 
Weights.—The Sectional Area measured by Stirling’s Second Rule. 


THE foregoing tabular system, for the application of Stirling’s 
Rules to the calculations required on the immersed volume of 
a ship's bottom, led to a linear delineation of the numerical re- 
sults of the tables, and thence to the development of a curve 
of sectional arcas, on a base equivalent to the Iength of the 
immersed pertion of the body, or of the length at the load- 
water line. To effect this, the sub-multiples of the sectional 
areas, taken from the tables for calculation, are severally divided 
by such a constant number as to make their delineation con- 
venient; then these thus further reduced sub-multiples of the 
areas, being set off at their respective positions on the base, 
formed by the length at the load-water line, a curve passing 
through the extreme points of these measurements, bounds an 
area, that to the depth used for the common divisor would 
form a zone, representative of the solid of displacement. The 
accuracy of such a representation will be easily admitted, if: 
the former reasoning on Stirling’s Rules is referred to. 

To obtain the solid of displacement from this representative 
area, the load. water line or plane of deepest immersion is con- 
sidered as being divided lengthways into two equal parts, which 
assumption divides the base of the curve of sectional areas also 
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into two equal portions: the line of representative area to that 
middle point is then drawn to the curve, and triangles are 
formed on each side of it by joining the point where it meets 
the curve with the extremities of the base line ; this arrange- 
ment divides the representative area into four parts, two 
triangles which are equal, viz. 1 and 2, and two other areas 
which are contained under the hypothenuses of these triangles 
and the curves of sections, or 3 and 4 of the annexed diagram. 


DIAGRAM OF A CURVE OF SECTIONAL AREAS. 





A 


ABCDA = sectional area, representative of the half dis- 
placement as a zone of a given common depth. 

A C equal the length of the load-water section from the 
fore-side of the rabbet of the stem to the aft-side of the rabbet 
of the post, and D the point of equal division. 

B D, the representative area of half the immersed vertical 
section at the medial point D; joining B with the points A 
and C, will complete the division of the representative area 
ABCDA. 

A BD and C B D, under such considerations, are equal 
triangles. 

B ECB, B F A B, areas, bounded respectively by the hypo- 
thenuse A B or BC of the triangles and the curve of sectional 
areas; and, supposing the curves A F B and B EC to be por- 
tions of common parabolas, the solid of displacement will be 
in the following terms :— 

The area of each of the triangles is equal toil of AC x BD; 
hence the sum of the two = 4 of AC x BD: the hypo- 
thenuse A Bor BC = / (4 AC? + BD’); and the aren of 
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BECB, if considered as approximating to a common para- 
bola, = Y (4 AC’? + BD’) x § of the greatest perpendicular 
on the hypothenuse B C. 

Area of B F A B, under the same assumption, = 
J (4 AC? + BD?) x ? of the greatest perpendicular on the 
hypothenuse A B; whence the whole displacement will be ex- 
pressedby} AC X BD+ y/ (fA C?+ BD") x 2of the greatest 
perpendicular on the hypothenuse BC + y (4A C? + BD?) 
x 2 of the greatest perpendicular on the liypothenuse A B. 

By a similar method, from the light draught of water, or the 
depth of immersion on Jaunching the ship, the light displace- 
ment, or the weight of the hull or fabric, may be delineated and 
estimated ; and the representative curve for it being placed 
relatively on the same base as that used for the representative 
curve for the load displacement, the area contained between 
the curve bounding the representative area for the load dis- 
placement, and the curve bounding the representative area for 
the light displacement, will be a representative area of the sum 
of the weights to be received on board, and will point out their 
position to bring the ship from the light line of floatation, or 
the line of immersion due to the weight of the hull when com- 
pleted in every respect, to that of the deepest immersion, or 
the proposed load-water line of the constructor—a represen- 
tation that would enable the constructor to apportion the 
weights to be placed on board to the upward pressure of the 
water, and thence approximate to the stowage that would 
ensure the easicst movements of a ship in a sea. 

By an inspection of the diagram of the curve of sectional 
areas, it will clearly be scen that the representative area for 
displacement under the division of it, into the triangles 
1 and 2, and parabolic portions of the area 8 and 4, will 
point out the relative capacities of the displacement, under the 
fore and after half-lengths of the base or load-water lime ; for, 
by construction, the triangles ABD and CBD are equal, 
and therefore the comparative values of the areas BECB 
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ACY 
and B F A B, or of ,/ 1(A2) + B p*} x 4 of the greatest 
perpendicular on the hypothenuse BC, compared with 
J (48) ore BD’ i x of the greatest perpendicular on 


the hypothenuse A B, or of the relative values of the greatest 
perpendiculars on the hypothenuses BC and A B, will give the 
relative capacities of the fore and after portions of the im- 
mersed body, or the displacement. 

The representative area ABCD A, Fig. 7, admits also of a 
measurement by the 2nd Rule given by Stirling. 

Let B D, as before, be the representative area at the middle 


point. 
iia 


Zoo ON, 


‘Divide AD or DC into three equal portions, then the aaa 
divisions being a multiple of 3, the 2nd Rule is applicable to 
measure the areas A BDA or BCDB; 


forareaABDA=°6 6+ BD+2x043 {444 5531S, 
6 6=0 


={ap+3 {4445 sy 25 ; 


1387 


andarea BCDB =/1 1+BD+2 x 04+3 {2 243 Shia 


AD 





> 


(where 11 = 0) ={ BD + 38{22+ 3 a} A. 
and the displacement = } BD + 34444 s5}}R° + 


jBp+afe2+as}} x _ x by the constant divisor 


of the areas, or the depth of the zone in feet. 
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The rules given by Stirling for the measurement of the 
immersed portion of the body of a ship, having now been 
theoretically stated, the practical application of them will be 
given on the construction-drawing of a yacht of thirty-six tons. 
The system being the same for large or small vessels, want of 
space in this work must be the accepted plea for the latter 
having been chosen, premising that the following considera- 
tions are necessary preparatory to the formation of a con- 


struction, or of a comparison of the elements of ships already 
built. 


PART VI. 


Preliminary Remarks previous to the Application of the Rules for Cal- 
culation to the Construction-draught of a Yacht of 36 Tons Admea- 
surement, old tonnage.—The Immersed Part of a Vessel considered as 
a Portion of the Parallelopiped formed by the Dimensions of Length, 
Breadth, and Depth.—Relative Capacities of the two Bodies, or Fore and 
After Bodies, under the Half-lengths of the Load-water Line.—Example 
of Bad Construction in this Element.—Man-of-War Brigs of 1833.—The 
Accuracy of the Stowage of the Hold insured by the Delineation of the 
Curves of Sectional Areas for Light and Load Immersions.— The Relative 
Capacities of the two Bodies under the same Displacement affect the Form 
Forward and Aft. 


THE immersed part of a ship, being a portion of the paral- 
lelopiped formed by the three dimensions ;—length on the 
load-water line, from the fore-side of the rabbet of the stem to 
the aft-side of the rabbet of the stern-post ; extreme breadth 
in midships of the load-water section; and the depth of im- 
mersion in midships from the lower edge of the rabbet of the 
keel ;—it would seem that the first step towards the reduction 
of the parallelopiped into the required form, would be to find 
what portion of it would be of the same contents as the pro- 
posed displacement of the ship—a knowledge of which would 
enable the constructor, by a comparison of the result with a 
similar element of an approved ship, to determine whether the 
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principal dimensions assumed would (under the form intended) 
give an immersed body equal to carrying the proposed weighits 
or lading. 

The relative capacities of the immersed bodies contained 
under the fore and after lengths of the lond-water line must 
next be fixed; and the constructor, in this very important 
element of a construction, will find little to guide him from 
the results of past experience and practice. From deductions 
on approved ships of rival constructors it will be developed, 
that in this essential element, ‘the relative difference between 
the two bodies,” they vary from 1 to 13 per cent. on the whole 
displacement, and that in the system adopted by Sir William 
Symonds, the late Surveyor of the British Navy, where simi- 
Jarity of form was insisted upon, the range in this particular 
was from 3 to 13 per cent. on the whole displacement or 
volume immersed. 

The relative capacities of the fore and after bodics of im- 
mersion, under the proposed load-water line, would seem at 
the first glance of the subject to be a fixed and determinate 
quantity, as being a conclusion casily arrived at from a kuow- 
ledge of the proportions due to the superincumbent weights— 
under such a consideration the weight of the anchors, bow- 
sprit, and foremast would necessarily be supposed to require 
an excess in the body immersed under the fore half-length of 
the Joad-water line over that immersed under the after half- 
length of the same element. 

In a ship, the necessary arrangement of the weights, to pre- 
serve the proposed relative immersion of the extremes or the 
intended draught of water, would be pointed out by a delineated 
curve of sectional areas, described as before directed; but a 
want of that system, or of some other, has often caused an 
error in the actual draught of water, and that under a great 
relative execss of the volumes of displacement in the fore and 
after portions of the immersed body. 

EXAMPLE. 

The Men-of-war Brigs built in the year 1833 to a con- 
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struction-draught of water of 12 ft. 9 in. forward, 1 4ft. 4 in 
abaft, giving 1 ft. 7 in. difference, had, under such a construc- 
tion, a difference of displacement between the immersed bodies, 
under the fore and after half-lengths of the load-water line, that 
was equivalent to 10°4 tons for every 100 tons of the vessel's 
total displacement or weight; but these ships, when stowed 
and equipped for sea, came to the load-draught of water of 
14 ft. 2 in. forward, 14 ft. 3 in. aft—difference 1 in. or an im- 
mersion of the fore extreme of 18 in. more than was intended 
by the constructor: the reason of this practical departure from 
the proposed line of floatation of the constructor was, that 
the internal space or hold of the ship necessarily followed 
the external form, giving a hold proportionate to the displace- 
ment contained under the several portions of the body, but 
an injudicious disposal of the stores (in placing the weights 
too far forward) made them more than equivalent to the up- 
ward pressure of the water at the respective portions of the 
proposed immersion of the body, and thence arose the error 
or excess in the fore immersion by giving a greater dranght 
of water than was designed. The stowage of a ship’s hold, 
under a reference to the representative area for the dis- 
placement, contained between the curves of sectional areas 
developed for the light and load displacements, would prevent 
similar errors under any extent to which the relative ca- 
pacity of the two bodies might be carried. This relative 
capacity of the two bodies will affect the form of the ves- 
sel’s extremes, giving a short or long bow, a clear or full 
run to the rudder; for the whole displacement being a fixed 
guantity, if the portion of tt under the fore half-length of the 
load-water line be increased, it must be followed, by a propor- 
tionate diminution of the portion of the displacement under 
the after half-length of the load-water line, so that the total 
volume of the displacement may remain the same, which 


arrangement will give a proportionately full bow and clear 
run, and vice versa. 
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PART VII. 


Curve of Sectional Areas, applicable to the Comparison of the Relative 
Qualities of Ships of the same Rate, will give a Scale for Tonnage of 
Displacement under any Immersion.—Method of forming the Scale of 


Displacement. 


THE curveof sectional areas, under the foregoing considera- 
tions, is also applicable to a comparison of the relative qualities 
of ships of the same rate, by showing at one view the dis- 
tribution of the volume of displacement in each ship, under 
the dranght of water which has been found on trial to give the 
greatest velocity, based on which, deductions may be made 
from the relative capacities of the bodies pointed out by the 
sectional curves, that will serve to guide the naval constructor 
in future constructions. 

The curve of sectional arcas is also available for forming 
a scale to measure the amount of displacement of a ship to 
any assumed or given draught of water. To effect this, on the 
sheer draught or longitudinal plan of the ship between the 
load-water line, or that of deepest immersion, and the line 
denoting the upper edge of the rabbet of the keel, drawing 
intermediate lines parallel to the load-water line, as denoting 
lines of intermediate immersion between the keel and Joad- 
water line—these lines may be placed equidistant from each 
other, but they are not necessarily required to be so. Find 
the curve of sectional areas due to each immersion of the 
ship denoted by these lines, and measure the areas bounded 
respectively by these curves, in the manner as before directed 
for the load displacement—these results will give the magni- 
tudes of the immersed portions of tle body in cubic feet, 
which being divided by 35, the mean of the number of cubie 
feet of salt or fresh water that are equivalent to a ton in weight 
will give their respective weights in tons. 

Assume a line of scale for depth, or mean draught of water, 
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the lower part of which is to be considered the underside of 
the false keel of the ship, and set off on this line, by means of 
a scale of parts, the depths of the immersions at the middle 
section of the longitudinal plan; draw lines (at the points 
thus obtained) perpendicular to this assumed line for depth or 
draught of water, and having determined a scale to denote the 
tons, set off on each line by this scale the tons ascertained by 
the curves of sectional areas to be due to the respective im- 
mersions of the body, then a curve passing through these 
points will be one on which the weights in tons due to the in- 
termediate immersions of the body may be ascertained ; or 
the displacement of a ship to the mean of a given draught may 
be found by setting up the mean depth on the scale, showing 
the draught of water—transferring that depth to the curve for 
tonnage,,and then carrying the point thus obtained on the 
curve for tonnage to the scale of tons, which will give the 
number of tons of displacement to that depth of immersion or 
draught of water. 


PART VIII. 


Description of Fig. 8, or of the several Plans to be delineated by the 
Draughtsman, previous to the Commencement of the Calculations. 


Sheer Plan.—A projection of the form of the vessel on a 
longitudinal and vertical plane, assumed to pass through the 
middle of the ship, and on which the position of any point in 
her may be fixed with respect to height and length. 

Half-breadth Plan.—The form of the vessel projected on 
a longitudinal and horizontal plane, assumed to pass through 
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the extreme length of ship, and on which the position of any 
point in the ship may be fixed for length and breadth. 

Body Plan.—The forms of the vertical and athwartship 
sections of the ship, projected on a vertical and athwartship 
plane, assumed to pass through the largest athwartship and 
vertical section of her, and on which plan the position of any 
point in the ship may be fixed for height and breadth. 

These plans conjointly will determine every possible point 
required ; for, by inspection, it will be found— 


That the sheer and half-breadth plans have 
one dimension common to both, viz.: | Length. 
Half-breadth and body plan : - Breadth. 
Sheer and body plan , : . Height. 
For sheer plan gives length and height 
Half-breadth plan gives length and breadth 
Body plan gives breadth and height . 


of the same 
point. 


Which dimensions form the co-ordinates for any point in the 
solid, and must determine the position of it. 

The point C in the load-water section AB, of Fig. 8 (sce 
Plate A at the end), has for its co-ordinates to fix its position. 
The Length, 1.5 of the half-breadth plan. 

Height, 5.C of the sheer plan,: 
And the breadth, 1.C of the body plan of section. 
And the same for any otlicr point of the solid or of the ship. 
In the shecr plan, Fig. 8, A B represents the line of deepest 
immersion, aa, bb, ec, dd, lines drawn parallel to that line 
at a distance of 9 fect, making with A Ban odd number of 
ordinates for the use of the first general rnle for the area, where 


area={A+4P+2 Q} x and A==the sum of the first and 


last ordinates. 
P=the sum of the even 

ordinates, as 2, 4. 
Q=the sum of the odd ordi- 

nates, as 3, &c. 


= 
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The line A B, or length of the load-water line, is bisected at 
C, and AC, CB are thence equal; C being the middle point of 
the load-water line, the spaces BC, AC are again divided into 
four equal divisions, giving five ordinates for each space, at a 
distance apart of 5°5 ft. 

This arrangement will give the immersed body of the vessel, 
a8 being divided into two parts under an equal division of the 
load-water line, and an odd number of ordinates in each section 
of the body, for the application of the first general rule for 
finding the areas of the vertical sections and thence the dis- 
placement. 

The half-breadth plan delineates the form of the body im- 
mersed for length and breadth, the line AB of the sheer plan 
being represented in the half-breadth plan by the line marked 
AB; and aa, bb, cc, dd, of the sheer plan by the lines simi- 
larly distinguished in the half-breadth plan. 

The body plan gives the form of the body in the depth, the 
lines distinguished 55 in the sheer and half-breadth plans 
being in the body plan developed by the curve 5 5 5, giving the 
external form of the ship at the section 5 5: the same reasoning 
applies to the other divisions of the load-water line A B. 


PART IX. 


Application of Stirling’s Rules to the Calculations required for the Con- 
struction-Drawing of a Yacht of 36 tons, Old Measurement. —Fig. 8. 1st, 
Usual Mode of Calculating the Displacement by Vertical and Horizontal 


Sections. 


Fic. 5. 


meee | ooo | ees | ene | eee | eee | ewe | eee | ee 


emewwemes: | aoteetegee [ cena | neem | ee eee | comune | eee | oo oe 
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TABLE OF ORDINATES FOR YACHT OF 30 TONS 


Distinguish- 
ing No. of } 
the sections. 
’ -4 13-0 :5°0 |6°0 16-3 [6-1 |5°4 13-7 | -4 |r». equal to the distance 
lV’ A | *4/3°0 5-0 [6-0 |6°3 |6-1 [5°4 [3-7 | -4 gti a dPoptparsio id 
nates used for the 
2 P |-35 |2°4 .4°2 |5°6 |5°6 |5°5 14-4 [2-6 1°35 vertical section 


= “92 ft. 


3’ Q | °3 |1°7 3-2 |4°4 50 4°6 |3°4 /1°7 | °3 r', equal to the distance 
— |_| -— |} -— | - | | between the ordi- 


| 
a . ° . oo . ° . 4 . $ d f 
4’ P |-25 [1-0 2-2 [8-2 3-8 [8-4 [2-4 |1-1 |-25 horizontal cor ane 
— — | —-— | ——|§ ——— | ——— ]| ——_] ——— ] —-_ az 5°5 ft. 
ba | 2) 43/20 24 204 6] 2 : 





From this table the following application of Stirling’s rule, 
No. 1, is usually made to obtain the volume of displacement 
to the draught of water shown on the drawing as the load- 
water line, or line of proposed deepest immersion, designated 
in Fig 8, Plate A, as A B. 

General terms of the rule :— 


Area= {A+4P + 2Q } x= 


To find 3 the area of Vertical Section 1, Fore body :— 


A = sum of aa “4 4 P = four times the sum of the) -35 
first and last | °2 even ordinates, or of | 
—_ and (4’) ‘ ‘ J °25 
6=A — 
a 60=Pf 
4 


oes 


2 Q = twice the sum of the odd 3=Q 
ordinates, or of (3’) x 2 


_6=2Q 


Whence the area, which is equal to 


{a+4P+2Q} xE= 
{6+ 24 + -6 \ x= 


"92 
36 xX “3 = 12 X ‘92 = 1-104 = 9 area of Section 1. 


RUDIMENTARY NAVAL ARCHITECTURE. 27 


Which sum is half the area of the Section 1, and is kept in 
that form of the half-measurement for the convenience of 
calculation. 


Fore Bopy. 


Vertical Section 2. 

















3-0 2°4 1°7 
4 1-0 2 
84=A 4=2P 3°4=2Q 
4 
S4=A 
20° 4=A+4P4+2Q 
=? 
408 
1836 
3)18°768 
6-256 = } area of Section 2. 
Vertical Section 3. 
5-0 4°2 3°2 
18 2°2 2 
63=A 6°4=Pp 6-4=—2Q 
Saarpracn 4 penne 
25°6=4P 
63=A 
64=2Q 
88'3=A+4+4P42Q 
92=r 
766 
3447 
8)35°236 





11745 {A+4P 4 2Q! x 5 = Jarenof Sections. 
B 2 
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6-0 
2:0 
8O0=A 
6°3 
2°4 
87 =A 


RUDIMENTARY NAVAL ARCHITECTURE. 


Vertical Section 4. 





52-0 = 


92 <= 7 





1040 
4630 





3)47-840 
15°946 = ja+4P+2qQt x5 





12 area of 


Section 4. 





Vertical Section 5. 
6 5:0 
8 2 


ee 


5 
3- 


94=—Pp 100 =2Q 
4 


oe 


87-6 = 4P 
8-7 = A 
1070 = 2Q 


563 = jA+4P+2Q} 
92 mar 








1126 
5067 


8)51-796 


ene r _. §4 area of 
17265 = {A+4P +29} x =F oe 
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Half areas of Vertical Sections, 1, 2, 3, 4, and 5. 


No. 1 . . 1°104 ft. 
2 . 7 . 6°256 
3 . . ‘ 11-745 
4 ‘ 165-946 
5 17°265 


Displacement of the body under the fore half-length of the 
load- water line by the vertical sections, or the summation of 
the vertical areas, 1, 2, 3, 4, and 5, by the formula for the 


solid, as being equal to 


{a+ 4P’ + 2Q/ x a where A’ = sum of Ist and 5th areas. 
P= ,, 2nd and 4th areas. 


Y= ,, 3rd area. 


= 


And r’ = distance between the vertical sections, or 5:5 ft. 


1. ... 1-104 2. ... 6°256 3. ... 11-745 = Q’ 
6. ... 17-265 4, ... 15°946 2 











18°369 = A’ 22°202 = P’ 23°490 = 2Q’ 
4 . 











88°808 = 4 P’ 
18-369 = A’ 
23-490 = 2Q’ 


180°667 = A’ + 4P’ 4+ 2Q/ 
55 =r 





6533835 
653335 


3)718-G685 


239°556 = A’+ 4P’+2Q’ x © cubic ft. 
2 of space 

———__———. in half fore body. 

479-112 = cubic tcet of space in fore body. 
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Displacement of the body immersed under the after half- 
length of the lond-water line by the vertical areas, 5, 6, 7, 8, 
and 9 of the table of ordinates. 


Vertical Section 6. — 


_ 5,as Fore Body. 6-1 5:5 46=Q 
17-265 2-0 374 2 
“Bl=A 89=P . 92=2Q 
De 4 eee 
856 = 4P 
SI=A 
92=2Q 
529 = A+4P42Q 
92=r 
1058 
4761 
8)48 668 
Pe 1" 4 area of 
eee 7 {a+ap+2g} ae tos se Sate 6. 


Vertical Section 7. 


“4! 
ers 
ae 
> 
oo 
< 

I 
© 


|| 





8)37-°536 


a. Yr J % area of 
12°512 = {A+4P+2Q1 X3 Section 7. 
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Vertical Section 8. 








3-7 2°6 17=Q 
6 1-1 2 
Poet 4 i: ee 
14°38 =4P 
43=A 
34 =2Q 
22:5 =A+4P+42Q 
92 =r 
450 
2025 
3)20-700 


a Tr 4 area of 
69 = fa+4P+2Qt x37 } Section 8. 





Vertical Section 9. 


°35 3= Q 
"25 2 


P 6 = 2Q 


Lal wow 
N 
b> 
& 
" 


4P 
A 

2Q 
A+4P+42Q 
a 


o 
Hid 


3°6 

"92 

72 
324 


8)3-312 


_ r % area of 
1-1u4 = {A+4P+2Q} x 3 ~ 4 Section 9. 
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Half areas of the vertical sections 5, 6, 7, 8, and 9. 


Sections. Areas. 
5. 17-265 
6. 16-22 
i 12°512 
8. 6°9 
9. 1°104 


Displacement of the after body under the after half-length 
of the load-water line by the vertical sections, or the summa- 
tion of the immersed areas of the vertical sections, 5, 6, 7, 8, 
and 9, by the formula for the solid which is equal to 


, 


jatar 42Qt x3 


where A’ = sum of the 5th and 9th areas. 
P= oy 6th and 8th areas. 
Q’ = ‘ 7th area. 


and 7’ = the distance between the vertical sections, or 5°5 ft. 























5. ... 17°265 6. ... 16°22 7. ... 12°612 = Q’ 
9. ... 1°104 8. ... 6900 2 
18°369 = A’ 23°120 = P’ 25°024 = 2 Q’ 
4 
92°480 = 4P’ 
25°024 = 2 Q’ 
18-369 = A’ 
135 8738 = A’+4P’ +20? 
s5=Fr 
679 365 
67°936 
3)747°3015 





249-1005 = Sars 4Po 4 2q°t ge 
: 3 


—_——— Cubic ft. in % after body. 
498-2010 After bedy in cubic ft. 
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Displacement of Fore Body by Horizontal Sections. 


Horizontal Section 1’. 











O-4 6°0 50=Q 
6°3 3°0 2 
6°7 = A’ 90=—P 10:0 =2Q 
ras 4 ae tase 
86°00 = 4P 
10°00 =2Q 
670 =A 
62°70 = A+4P+2Q 
55=r 
2635 
2635 
3)229-85 
96°61 = {a+4P+2Q x a J ¥ area of 
-_ 3 ~~ {Section 1’. 


Horizontal Section 2’ 


*B5 5-7 42=Q 
5°60 2°4 yA 
695=-A 81=—P 8°4=2Q 
—— 4 





A 
46-75 =A +4P42Q 
55=r 
23375 
23375 
8)257-125 
85-708 ={A+4P+2Q)xTa{ arecf 





B3 
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Horizontal Section 3’. 
3 4-4 3-2=Q 
5:0 LT 2 


’3—A 61=—P 64==2Q 


— 4 


lI 


24° 
5: 
. 6° 


8 


a 


> pe 


P 
Q 
A+4P+2Q 


en 
lt Al 


6 

5: 
1805 

1805 





$)198-55 


ene r__ § 4 area of 
eo1s=fa+aP+2Qtxt= irises 








Horizontal Section 4’. 


25 3°2 22 
38-8 10 2 
405=A 4:2 P 4°4=2Q 


palvith 4 Soe 


16°8 P 
4°05 
4°40 Q 
2525=>A+4P42Q 
S5b=r 
12625 
12625 


8)188-875 
te r 
46-291 = fate P+2Q} xt= h Sbachie 


4- 
A 
2 


lt tl : 
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Horizontal Section 5’. 


2 2-0 13=Q 
“4 2 


ll 

a] 
oy 
a 
ll 

bo 
© 


‘Jees| 
AAGd! pe 
HU 
BD b> 





8)81-40 


13 — x § $ area of 
aT1s= {A +4P +20} xe i ieee 


Displacement of the fore body under the fore half- length of 
the load-water line by horizontal sections, or the summation of 
the horizontal sections of the fore body 1’, 2’, 3’, 4’, and 5’, 
by the formula for the solid, which is equal to 


farpapragtxt; 


where A’ = the sum of the 1’st and 5'th areas; 
r= =, »  2'nd and 4’th areas; 
Q’ = ” ” 3’‘rd areas; 


aud r=the distance between the horizontal sections or ‘92 ft. 


Half areas of the Horizontal Sections 1’, 2’, 3’, 4’, and 5’. 


l’ = 96°61. 
2’ = 85-708. 
3’ = 66:18. 
4’ = 46-29. 
5! = 27°13. 
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Areas. Areas. Areas, 
Y’ ... 96°61 2’ ... 85 708 3’ ... 66°18 = Q’ 
6’ ... 27°13 4’ ... 46°290 2 
123-74 = A’ 131:998 = P’ 132°36 = 2Q’ 
4 
527:992 = 4 P 
123-740 = A’ 
182°360 = 2Q’ 
784°092 = A’+4P’ + 2Q’ 
gQ2=r 
1568184 
7056828 


3)721-36464 





’ ’ ' r _ cubic ft, in 
24045 =fasar+egt xt = ioe body 
480°90 = fore body by horizontal sections in cubic 





feet of space. 


Displacement, by Horizontal Sections of the body immersed 
under the after half-length of the load-water line, or by the 
horizontal areas 1’, 2’, 3’, 4’, and 5’, of the table of ordinates, 

Calculated areas of 1’, 2’, 3’, 4’, and 5’. 
Section 1’ After Body. 


6-1 . 54=Q 
3-7 2 


e om 
w 


= P 10:38 =2Q 


BE 
ee 


39°2 = 4P 
108 =2Q 
67=A 
567 = A+4P+2Q 
B5 = 2! 





2835 
2835 


8)811-85 


a 
108395 = v 5 & aren of 
sees fa+er+2Qtxe Pied 





eae) 








5°0 


5S38=—A 
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Section 2’ After Body. 


5°5 
2°6 





82°40 = 4P 
S95=-A 


4715=A+4P4+ 2Q 
§5=7' 
23575 
23575 








3)259°325 


—B644= fA + 4P 4 2Q2?x 


Section 3’ After Body. 


4°6 

1:7 

6°3 = P 
4 

5S38=A 


3873=A+4P+4+2Q 
5°5 = 2’ 





1865 
1865 


8)205°15 


68°38 = A+4P+2Q! 











vet 
3 


37 


44=Q 
2 
88 =2Q 


r § 4 area of 
3 


2 Section 2’. 


—_, § _¥ area of 
2 Section 3’. 


38 


8°8 
25 


4052 A 
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Scction 4’ After Body. 


3-4 
1-1 





45 =P 


4 


18°00 = 4P 
405=A 
4:30=2Q 





26-85 =-A+4P4+2Q 


55 =r’ 





13425 
13425 


3)147-675 





49°225 =} A+ P+2Q} x 


Section 5’ After Body. 


2°0 


to 
o 
ll 


p> ptr 





© 00 
Hil 











28°96 = 





$ 
Q 


rv 
5 = 


24=Q 
2 


§ 4 area of 
d Section 4’, 


28=2Q 


on 


+4P+2Q 


A+4P+2Q$ xo = 


§ 
t 


4 area of 
Section 5’. 
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Displacement by horizontal sectious of the after body under 
the after half-length of the load-water line, or the summation 
of the horizontal sections of the after body, 1’, 2’, 3’, 4’, and 
5’, hy the formula of the solid, namely 


x 


Sa'+4P4+2q} x z- 


Half areas of the After Horizontal Sections, 


1’, 2’, 3’, 4’, and 5’. 


Sections. Areas. 


; oe : ~ 103:95 
ae . . 86°44 
x . ‘ 68°38 
4". «; . . 49°22 
vt, , ° 28°96 


Areas. Areas. Areas. 


1’... 108-95 Q!... 86°44 8’... 68°38 = Q’ 
5/... 28-96 4’... 49°22 2 











182°91 = A’ 135°66 = P’ 1386°76 = 2 Q’ 
4 











542-64 = 4 P 

132-91 = A’ 

136-76 = 2Q’ 

812-31 = A’ +4P°4+2Q 


92 =r 





162462 
731079 


3)747°3252 
249-1084 = } A’ + 4P°42Q' x = cubic feet in 
2 
half-after body by horizontal sections. 


498-2168 = After body by horizontal sections in cubic 
————— feet. 
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DisPLACEMENT. 
By Vertical Sections. By Horizontal Sections. 

Cubic F't. Cubic Ft. 
Fore body (p. 29) 479-11 Fore body (p. 36) 480°900 
After body (p. 32) 498-20 After body (p. 39) 498-216 
Sum 977-30 Sum 979-116 
Half 488-65 Half 489°558 

Cubic Ft. 

By Uorizontal Sections. . . 979°116 

By Vertical Sections . . . 977-300 


Difference . . . 1-816 cubic feet. 





Cubic Ft. 
979°49 = capacity or displacement in cubic feet. 


The mean weight of salt and fresh water gives 35 cubic 
feet of space when filled with water, to be equivalent to a ton 
avoirdupois; thence the displacement in cubic feet, being 
divided by 35, will give the weight of the volume displaced in 
tons avoirdupois; or 979°49 being divided hy 35 gives 


5)979-49 


7)195°898 





27°985 Tons, the weight of the calculated 
immersed body in tons. 
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PART X. 


By the usual Method.—Area of Midship or greatest Transverse Section.— 
Area of the Load-water Line, or Area of the Assumed Plane of Deepest 
Immersion.—Capacity to the Inch at that Immersion in Cubic Feet, 
and Tons of 35 Cubic Feet of Space.—Longitudinal Distance of the 
Centre of Gravity of Displacement from Section 1, considered as the 
Initial Plane.—Distance the Centre of Gravity is below the Load-w.ter 
Line, or Line of assumed Deepest Immersion.—Distance of the Centre of 
Gravity of the Load-water Section from the Section 1 of Fig. 8. 


AREA OF THE MIDSHIP SECTION, OR OF THE GREATEST 
TRANSVERSE SECTION OF Fic. 8, PLATE A. 


Section at 5. 








11, ... 6:8 22. ... 6-0 33. ...48=Q 
55.... ‘2 44....23 2 
65=A 3 = P 9°6 = 2Q 
naan 4 suet 
65=A 
96=2Q 
493=A+4P42Q 
1:25 = 7, where r = the depth, from 1 to 5, divided 
—. by 4, = 5 ft. by 4 = 1°25 fr. 
2465 
986 
493 
3)61°625 
20°541 = ; A+4P+2Q ; x = = 4 area of mid- 
2 3 ship section. 





41-082 = Arca of midship section without keel. 





Loap-WatTER LINE, 


Area of the load-water line or area of the assumed deepest 
plare of immersion, delineated in Fig, 8, Plate A, on the half- 
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hreadth *Plan, and marked by the curve AB. From the Table 
of Ordinates, p. 26, we have— 





4 3°0 5:0 
"4 6:0 6:3 
— 6°1 5°4 
SaA 3°7 —_—— 
18°8 = P 2 
4 ern 
pi 83:4 = 2Q 
752=-4P aE tEan 
‘S=A 
33°4 = 2Q 
1094=>A+4P+2Q 
§°5 = 7’ 
5470 
5470 
3)601-70 
r’ 


= 4 area of load- 


200°56 = pA+4P+2Q } x 
3 water line. 





200°56 =3 area of load-water section in superficial feet. 
aaa 





401-12 = area of load-water section, which amount of area 
being divided bv 12, will give the number of cubic feet of 
space that would he contained in a zone of that era of an inch 
in depth, and that result being again divide by 35, as the 
number of culic feet of water equivalent to a ton in weight, 
will give the number of tons that will immerse the vessel one 
inch at that line of immersion. 


FKxample. 


12)401-12 = area of Load-water Section in superficial feet. 





5)33°42 = cubic feet in zone of one inch in depth. 


7)6-684 





-955 = tons to the inch of immersion at the load-water line. 
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CENTRE oF GRAVITY OF THE DISPLACEMENT. 


Estimated from Section 1 considered as the Initial Plane. 


Distinguishing 43 Vertical 


No.of the Areas. Areas. Moments. 
g (i. --- 1104 x 0 000-000 
es | 2. ... 6256 x 1 6-256 
—e 43. ... 11-745 x 2 ne 44 a 23-490 
© 14. ... 16069 x 8 ee nae ies 48-207 
re es wee 17°265 x 4 rae ae wae 69-060 
eg (6. ... 16-222 x 5 is see Sea 81°110 
a | 7. ... 12°512 x 6 Sen at i 75-072 
£8. ... 6900 x 7 sts ret a 48-300 
E 9... 1104 x 8 8-832 

Moments placed in the Rule. 
Sum = $A+4P72Q?2 x" 
2 5 3 

000-000 6°256 23-490 

8°832 48-207 69-060 
81-110 75-072 





8-832 =A 48-300 
183 873 = P 
4 





167-622 = Q 
2 





= 835-244 = 2Q 
735°492 = 4P eases 


8-832 = A 
335'244 = 2Q 
1079°568 = A+4P+2Q 
§5 =r 
5397840 
5397840 


8)5937-6240 
1979-298 = Ja+4P+2Q} x i= 


sum of the moments of half the displacement from section 1, 
in intervals of space of 5°5 ft.; and the half displacement in 
cubic feet by vertical sections is 488-650 (p. 40) cubic feet ; 
whence it is found, by dividing the moment 1979-208 by 
488°650, that the distance of the centre of gravity of displace- 
ment from the section 1 is as follows :— 
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488°65) 1979:208 (4:05 intervals from 1. 
195460 interval = 5:5 ft. 

246080 

244325 








—e 


1755 therefore 4°05 & 5°5 = 22°27 ft. = 
—— —— distance of the centre of gravity of the 
calculated immersed body from 1. 


DertH OF THE CENTRE OF GRAVITY OF THE DISPLACEMENT 
BELOW THE Loap-waTER SECTION. 


Fore Body. After Body. 

















Section. Areas, Areas. Sum of the Areas. Moments. 
1’ a (9661 «= (10395... 20056 x 0 = 000:000 
2! - 185-708 © 86-44 ... 172148 & 1 = 172-148 
3’ =~ 6618 a { 68:38... 13456 x 2 = 269-12 
4! S | 46:29 S | 4922... 95:51 x 3 = 286°53 
5’. m (27-13 m | 2896... 5609 x 4 = 224°36 
000°00 172-148 269-12 =Q 
224°36 286-530 2 
224:36 = A 458-678 = P 53824 =2Q 
eet 4 

1834°712 = 4P 
224:360 = A 
538-240 = 2Q 

2597°312 = ja+er+2Q} 

92=r 
5194624 
23375808 
8)2389-52704 





a Uy es 
796°509 pAt4sP+2Qf x5 


eed 





sum of the moments of the half displacement calculated from 
the load-water line: the half displacement by horizontal sec- 
tions is 489°588 (p. 40) cubic feet; the sum of the moments 
of the half displacement 796°509 ft., being divided by that 
quantity, will give the distance, in intervals of ‘92 ft., that the 
centre of gravity of displacement is below the load-water line. 
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Half solid of 
displacement. Moments. 
489°558) 796°509 (1°62 intervals of -92 ft.; therefore 











489558 1°62 
- x ‘92 
8069510 —- 
2937348 324 
—_——— 1458 
1321620 
979116 1:4904 ft. = the distance that the 
—_—_——_-— centre of gravity of the cal- 
842504 culated immersed body is below 
—— the load-water section. 


DIstTANCE OF THE CENTRE OF GRAVITY OF THE AREA OF 
THE LOAD-WATER SECTION FROM SECTION 1. 


No. of Ordinates of _ Distances of them Moments: being the Pro- 
Section. ection 2 from in intervals of 5:5 ft. duct of the Arcas by the 
the Table, p. 26. froin Se_tion 1. respective Distances. 
1 “4 eee ae 0 iets cay 000-00 
2 3° aes “tis 1 3°0 
3 5:0 oes nar 2 10-0 
4 6-0 ave eux 3 18-0 
5 6°3 ais see 4 25°2 
6 6°1 é “ae 5 ist 30°5 
7 5-4 ° 6 82-4 
8 3-7 : 7 25°9 
9 “4 8 3 2 
The moments, for summation, put into the rule. 
00-0 3:0 10-0 
3°2 18°0 25°2 
—_—_— 30°5 32°4 
S2=A 25°9 — 
774=P 2 
x 4 —- 
— 1852 =2Q 
309°6 = 4P enisaner! 
BS2=—=A 
135-2 =2Q 
480=A+4P42Q 
55=r' 
2240 
2240 
8)2464-0 





821-3 = pA+4P+2Q!} x ae 
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sum of the moments of the half area of the load-water section 
reckoned from 1; the half area of the load-watcr section is 
200°56 feet (p. 42); the distance, therefore, of the centre of 
gravity of the load-water section from 1 will be found in inter- 
vals of space of 5°5 feet, by dividing the sum of these 
moments by the half arca, thus :— 


Half Arca. Moments. No. 
200 56) 821°3333 (4:09 intervals, each 
80224 5 5 ft. in length. 


— ee 


19 933 
180504 


er ee + er ee 


10429 


and 4:09 x 5°5=22°5 ft gives the distance of the centre of 
gravity of the load-water section from section 1 of the drawing. 


PART XI. 


By the usual Method.—Relative Capacity of the Bodies immersed under 
the Fore and After Lengths of the Load-water Line.—Per Centage of 
the Bodies.— Height of the Metacentre as the Comparative Measure of 
the Stability or Stiffness under Canvas of Vessels of the same dimensions. 
—Summary of the Results of the Calculations. 


RELATIVE capacities of the bodies immersed under the fore and 
after lengths of equal division of the Joad-water line— 


By former calculations. 


After body immersed contains . . 497-79 cubic ft. of space. ° 
Fore body re is - » 481-70 cubic ft. of space. 





Difference 16-09 = 


the excess in cubic feet of the body displaced under the after 
half-length of the load-water line over that under tbe fore-half 
of the same line— 


Sum of the bodies (by former calculation) or whole 2 979.49 
displacement in cubic feet (p. 40) : - § 


equal to 9°7949 hundreds of cubic feet, whence 16:09, or the 
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difference between the two bodies in cubic feet, being divided 
by 9°7949, or the displacement expressed in terins of the hun- 
dreds of cubic feet, will give the excess for every hundred 
cubic feet of the whole displacement. 

Displacement Excess 


in Hundreds in Cubic 
of Cubic Feet. Feet. 


9°7949) 1609000 (1°6 = Ratio of the excess of 











97949 the after body of dis 
placement over the fore 
629510 body of the same, de- 
587694 noted by a per centage 
of the whole displace- 
°41816 ment. 
METACENTRE. 


A Measure of the comparative Stability of a Ship, or the 
Height of the Metacentre above the Centre of Gravity of 





dx . 
>» In 
D 


displacement, estimated from the expression % I Y 
which : 
y = The ordinates of the half-breadth load-water section. 


dx = The increment of the length of the Joad-water 
section. 


D = Displacement of the immersed portion of the body in 
cubic feet. 


Ordinates from the Table. Cubes of the Ordinates. 

*4 . . 00°0€4 

30 . : : 5 27°000 

- 5:0 - 7 A ‘ 125-000 

m& 1 6-0 ‘ ? ‘ - 216°000 

& 6:3 ‘ a , : : 250-047 

ce oe : ‘< - : , 226°931 

54 : . ee ae 157-464 

3°7 ° : 5 : 50 653 

“4 e ° s s « 0 064 
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Cubes placed in Stirling’s Rule for Summation of 


4 


Area = (A +4P+4+2Q)X 3 


00-064 27-000 125-000 
00-064 216:0'0 250°047 
226:°981 157°464 
128 =A 50°653 











—_— 532-511 = Q 
520 634 = P 2 
4 


eee 1065-022 = 2Q 

2082'536 = 4P Minera 

1065:022 =2Q 

000128 = A 
§ 
é 


3147°686 = 


A+4P+2Q} 
55 =—7 


15738430 
15738439 





3)17312-2730 
S Pax = 5770°'7576 = {a +4P+4 2Qt x 


yf 
3 


= 





summation of the cubes of the ordinates of the load-water 


section ; and the height of the Metacentre above the centre of 





gravity of Displacement is expressed by ft, in which ex- 


pression 7° dx = 5770°75 and D = 979-1 (p. 40) whence % x 
5770.75 ; 
—o7or = 398 feet is the height of the Metacentre above 


the centre of gravity of the Displacement. 
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RESULTS OF THE CALCULATIONS. 


Ist Method. 


Displacement in Cubic Feet of Space ; ‘ 

Displacement in Tons of 35 Cubic Feet of 
Water to a Ton : ; - ‘ 

Area of Midship Section ‘ : : 

Area of Load-water Line or Plane at the a 
posed deepest Immersion . : 

Tons to one inch of Immersion at that Hioata: 
tion . . . . 


Longitudinal Distance of the Gane of Giaie 
of a sieas from Section 1, Fig. 8, 
Plate A. . . 

Depth of the Centre of Gravity of Disp lace: 
ment below the Load-water Section . . 

Distance of the Centre of Gravity of the Load- 
water Section from Vertical Section 1 . : 

Relative capacity of the After Body in excess 
of the Fore Body in Cubic Feet of Space. 

Percentage on the whole Displacement 

Height of the Mctacentre above the Centre of 
Gravity of Displacement, estimated from the 


; of? yidax 
expression of paps P . : , 
D 


979°149. 

27°974. 

41:08 superficial feet. 
= 401-12 superficial feet 


= °955 tons. 


22°22 feet. 


= 1°4904 feet. 


= 22°5 feet. 


16:09 
= 16. 


I 


= 3°98 feet. 
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PART XII. 


Second Method.—The Calculations under the Form of a Donble-Columned 
Table of Ordinates.—Displacement.—Area of Midship Section.—Area of 
Load-water Line.—Position of the Centre of Gravity of Displacement.-— 
Position of the Centre of Gravity of the Load-water Section.— Relative 
Capacity of the Two Bodies under the Fore and After Haif-length of the 
Load-water Line.— Height of the Metacentre.—Contrasted Elements of 
the Vessel obtained under the Two Methods. 


THE voung Naval Architect has thus been led through the 
essential calculations on the immersed portion of a ship consi- 
dered as a floating body. The term essential has here been 
used under a knowledge that the table of results might have 
been swollen to a sma: volume by a lengthened comparison of 
the elements of the naval constraction, such as the ratio of the 
arca of the midship section to the area of the load-water 
section, and that of the area of the midship section to the cir- 
ecumscribing parallelogram ; data that will always suggest them- 
selves to the mind of an inquiring youth, and furnish him 
with salutary exercise for his judgment, while the introduction 
of such comparisons into these rudiments might deter the 
novice from entering on a task that would thence seem to be 
involved in such voluminous results. For the second method 
of calculation, the table of ordinates is in two portions, viz. 
the fore and after bodies under the division of the load-water 
section into two equal parts, the length of such section being 
restricted to the distance from the fore-edge of the rabbct of 
the stem to the after-edge of the rabbet of the post. The 
enlarged tables are shown at pages 51 and 52, and the direc- 
tions for the working of thesé tables have been given at page 
11, observing only that the ordinates have not peen herein 
inserted in red in these tabies, as it was there suggested, to 
insure perspicuity and accuracy. 


51 


RUDIMENTARY NAVAL ARCHITECTURE. 


eer ner a oe Bes “add : a ae et nae eee 
a x oi 3 en ee 
e| | é| 2 | ro a] |ESZe 
= eee eee ee rele hed 
ee. i a ee ae ———————] { seary [Ranta 
SBaIy [PUTpPNy Y = tT.e7! ° { £0.2L are “ea a ’ Wo a 
spur gosumonad EEE) TE PMOL MU eee] | PE [id dina 
J Ru ues I PE ICS OEZT Facre e io 6 A O38 = ODT | : 02-1 = - f Liv-Fl ¥ 82.99 
~ 3 —) : r rr 
@) te et oe Ol 
‘oo reas > | < tT 
a | 1G S| S| | ad ‘ 
a ie | | a Jaf re fe) | = | : = es 
ouocer | & | any918 uv.98 E fmeer) | OFIt} —| 08 _,| oF9 ie acai ae aie nes : bel 
= iF * a = = 
| | = sa ; % S 
= we tT} vi ee m 2 
oust | t | omect fo out | & 2 (Mer | fume | | es | =| eT | a| Eb | Sher | & | 068 
Ye 7 n * 18 ol 
a 3 & | =| ¥ & 
=! n n q es 
{ as ~ ie) Ol _ 
(hi >Fo SG} ous (W)-9 I ‘ = BF] fore | WS | 08-1 x 6 OF 08 I OF-08 
=| =| | | 
aot | n ~ os — 
zeny | € | FON) oom | o a ae ae ce ee Bl ast | 0 a Le 
‘xp ef f jo ‘uorjaag «Paury sayen a x = Tl28 Fi 2s "PILOS Eriateed 
re fs xe) aie - Ae i dl: =| S = Slee a”) eS dd Tog -aarydsiqy Jo 
anjzA ay} pia doen Ge dened SS eS ne es can 79 AVIABIL) JO 
i S. WT AWA A526 oS, 
10j s9qn:) jo sajye FAqaery Jo | a 7 nile 2 2 jae] sPeay oUt aijua) 10} 
ap 10 “1pAQ apy f e113) 10y By 2 > Si eos art teang uaWloW 
Goueeruine jossqny | quawoyy m4 | an 
<n Pa S Pa <a ro) é) 
, a e 




























































































RUDIMENTARY NAVAL ARCHITECTURE. 


i 
“sp of f 
$9 ant, a4) 
St) Sioeyst,) 
ay jo 
wofewmng 


CreLL5 1 
2 

&80.00 j 

90C-105 8 

por-Lst I FOF.191 


Ep6-ESP 46 





Leanne’ 
MUNI 
Ade ve 10] 
joxnitaipl() 
alty jo 
s7qn) 








































































































28325 24-% y 3) 8 
Sle eo ees n ke &| 2 
ff I>" SEt= = = pa 
i ee ~” «“ 
ae_e < SnnmEese | 0 
See ys S 2 ea ae 723j 5.5 pb 
w 235 N & bY ~7 o 
Cf-Q ta Peal phe, pray *103j G6. = 4 
Gzct Rb ws w= “5 
g5n5 eeoe es on on 
Dee =< +2 = 2 S43 Oo 
= p = a Ton, 24 
—— = = § st ae | LLOW') yonsung 98.818 
00 Fe s = ne et 
ren at bt 6 L 
$1.0 SEO O10 F 06. 8 Geb 
fo] So c Ss 
foal Pr - 4 
$ é os 
a [ea a sh 
: 4 3 
ore Oz z 0b 1 z 09 t% L OS.L91 
Oo ° sc w 
= ~ A N 
~ 7 = 
———— | ewes | eens) emcees | scene - 
| > " 2 
=| OF ore ore Ov.1 1 OF.0% 9 0.581 
= 2 s 4 e $ . 
ea | is Ee : g 
? 7 < T | 
OM) 5 Ot 08 9 | oor} wi & 00.85 $ 09.056 
3 | Ss 3 S = 
~ as at o ” 5 
— |r] Ce CS ware 
= = e} T : 
re 5 2 | en a 
—_— OOOO oT Een ee | Sl he oe ee ee 
00 71 y . mel 2 oz} | cot a ott ji, 4 lor ’ pe 
au 7 =I ei - é “l|eze7 .3 “pros ~a08dsiq 
YON peoy ~ = 4 _ | =t8 = Ze Paste aut 40) yo Ime 
qo swe) apa eee Rea pemaeeas aeeees E55 BES] easy ay jo Jo azquag 
Ju} JUDO FR -) | e - ° ale | 
<i ~ 9 Be <a «@ w 
a N 


‘Tl 44VE—ACOd WALAV 


RUDIMENTARY NAVAL ARCHITECTURE. 53 


RESULTS FROM THE TABLES. 


By modified rule. Area = ; +2P+ Qt xX 


Qr 


3 
And solid = areas for ordinates? __ A’ ; z 2r 
vt ned by aie | = {ate + x 3 


A 
Functions of the areas marked B = } . +2P+ qt 
Function of the solid equal to B, placed in Stirling’s Rules = 
= +2P+Q’=E 


+ Oy! 
Whence displacement = E xX = x = in the example r = ‘92 


” = 55 





2 20" 1°84 11 
Therefore } displacement = E x = x — = E x 37 x 3 > E xX 
20°24 
9 


VALUE OF E FROM THE TABLES BY VERTICAL SECTIONS. 


Table 1. ... 106°50 = submultiple of the fore body by vertical sections, 
Table 2. .... 110-77 = ¥5 after body Ss - 





217°27 = sum of the submultiples = E. 





20°24 217-27 x 20-24 


4 displacement = K xX 5 SS ge 24:14 x 20°24 = 
488-5936 = 3} solid of displacement by the summation of the vertical 
2 areas given in cubic feet. 


5)977°1872 
7)195-4874 
27°92 == Displacement by vertical sections in tons of 35 cubic feet of 
water per ton. 
VaLUE OF E From THE TaBLEs By Honrizonrax Sections. 


Table 1. ... 106-50 = submultiple of the Fore Body by horizontal sections. 
Table 2. ... 110°75 = submultiple of the After Body by horizontal sections. 


From whence the same results will be obtained. 
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AREA oF Mipsuip SEcTION. 


From Table 1. ... 28:15 = Submultiple of the area of Section 5. 
1:84 = 2r 





11260 
22520 
2515 


5)51°7960 








17°265 = 3 area of the upper space of the midship section. 
3275 = ! area of the lower #5 » belowdd, 
Fig. 8. 
20°540 = } area of midship section. 





41°08 =area of midship section. 





AREA OF THE Loap-waTER LINE. 
From Table 1. ... 2635 = submultiple of the area of the fore body. 


From Table 2. ... 28°35 a va rr after body. 
54°70 = submultiple for the 4 area of the load-water line. 
1] = 27’ 
3)601°7 


200°56 = } area = G 4+2P 4+ Q) wo 
2 2 3 


———— 


12)401:12 = area of load-water line. 


5)83°42 
7)6-684 


‘955 = tons per inch of immersion at the load-water 
line. 





PosITIon OF THE CENTRE OF Gravity oF DIspLAcEMENT. 


By Table 2... . 878 86 = Moments from Section 1. 
and Ii (p. 53)... 217-27 = Corresponding Function of the Dis- 





placement. 
217°27)878-86(-404 Intervals of 5°5 feet, giving 4-041 x 55 = 
869 08 22°22 fect as the distance of the Centre 
— of Gravity of the Displacement from 
97800 Section 1, 


86908 


10892 





* 
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DertH oF THE CENTRE OF GRAVITY OF THE DISPLACEMENT 
BELOW THE LOAD-WATER SECTION. 








By Table 2. . . . . 353°72 = Moments from Load-water Line. 
and EB... .- -. 217-25 = Corresponding Function of the Dis- 
placement. 
217-25)353-72(1-62 Intervals of *92 feet, giving 162 x ‘92 = 
217°25 1:4904 as the distance that the Centre 
- of Gravity of Displacement is below the 
136°470 Load-water Line. 
130°350 
61200 
43450 
17750 





PosiTION OF THE CENTRE OF GRAVITY OF TIE LOAD-WATER 
LinE GF DrrEpPEsST IMMERSION. 


From Table 1. . . 26°35 ft. From Table 2... 224°000= Moments 








- 2. . . 28°35 from 1st Section. 
" Funetion for Area. 54 Lr ne 09 oe of 5°5 feet, giving 4:09 
= 218°8 5°5 = 22°495 foot as the dis- 
i that the Centre of Gravity 
5200 of the Load-water Scction is from 
4923 Vertical Section 1. 
"277 


RELATIVE CAPACITIES OF THE CALCULATED IMMERSED 
Bopiks CONTAINED UNDER THE Fore and AFTER 


LENGTHS oF Equant DIVISION oF THE LOAD-WATER 
LINE. 


feet. 
From Table 1. ... Function for the Fore Solid . . 106°50 
From Table 2. ... Function for the After Solid . . 110°75 
Difference of the Functions . . 4°25 
Sum of the Functions . . . . 217°:25 





The difference, 4°25 feet, expresses the excess in cubic feet 
of the body, displaced uuder the after half-length of the load- 
water line, over that under the fore half-length of the same 
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line, and the sum of the functions, 217°25, is equal to 2°1725 
hundreds of cubic feet; whence, 4°25 feet, or the difference 
between the functions for the two bodics, being divided by the 
function 2°1725, or the function for the displacement of the 
calculated body expressed in terms of hundreds of cubic feet, 
will give the excess for every hundred cubic feet of that dis- 


} lucement. 
Function of 
Displace- 
ment mn 
Hundreds of Excess in 
Cubie Ft. Cubic Ft. 
2°1725 ) 4°25000 (1:9 ratio of the excess of the after 
2°1725 body of calculation over ee 
fore body of the same, denote 
07750 by a percentage of the dis- 
195525 placement calculated by the 
Table of Ordinates. 








Hericut oF THE METACENTRE ABOVE TIIE CENTRE OF 
GRAVITY OF DISPLACEMENT. 


From Table 2.-—The summation of the func- 
tions of the cubes of the ordinates for the } = 1578-843 
value of the fy? dx. : . ; 

The corresponding function for the solid . = 217°25 


from whence the height of the metacentre above the centre of 





saree 7 : 2 sy dx . 
gravity of displacement, expressed by s/f pos as follows: 


a 


2 af 
Jy? dx = 1573-843 x = where r’ = 5°5 feet = 


3° 1 12°27 
1573°843 x 1 a 173 eat = 5770-75 feet. 
3 3 
2r 2r . 
(Page 53) 217-27 x 3 XZ =} displacement = 488-5936 feet, 


whence displacement or D = 977-1872; 





and thence 
2 pytdx 2. 6770-75  11541-53 


D” ~ 8 ~ 977-1872 — 2081-6616 = 2 98 feet 
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RESULTS OBTAINED UNDER THE Two Mernops oF CaLcuLa- 


TION CONTRASTED. 


Old Method. 


Displacement in cubic feet of space 979-139 
Displacement in tons of 385 cubic feet of 
27°985 


Water to a ton . 


Area of Midship Section . 41-08 
Area of Load-water Line or Plane at the 

proposed deepest immersion . ‘ 401:12 
Tons to one inch of Immersion at Line of 

Floatation . : °9526 tons. 


Longitudinal Duce of the Centre of 
Gravity of the Displacement from Sec- 


tion 1, Fig. 8, Plate A. 22°22 ft 
Depth of the Centre of Gravity of Displace- 
ment below the Load-water Section. 1°4812 ft. 


Relative Capacities of the Bodies ‘ 
Height of the Metacentre above the Centre 


of Gravity of Displacement . . é 3°98 ft. 


PART XII. 


Superficial ft. 


. 1°6 per cent. 


2nd Method. 
977-187 
27°92 

Superficial ft. 
41:08 
401°12 


"955 tous, 


22°22 ft. 


1-4904 ft. 
1°9 per cent. 


3:98 ft. 


Method of forming a Curve of Sectional Areas from a Drawing of a Ship.— 
Calculations for the Displacement from it.—Application of the Method 
to the Yacht of 36 Tons Admeasuremer.t.—Relative Capacity of the 
Fore and After Bodies of the Yacht pointed out by the Curve. —Area of 
Midship Section of the same.—Curve of Sectional Areas used to obtain 
the Centre of Gravity*of Displacement.—A pplication of it to the Yacht 


of 36 Tous Admeasurement. 


THIRD METHOD OF CALCULATION. 


CALCULATIONS ON THE DRAUGHT OF THE YACHT OF 836 
Tons, USING THE CURVE or SECTIONAL AREAS. 


THE load-water line, A B, in the sheer plan, Fig. 9, Plate B, 
is divided into two equal parts at the point C, and those equal 
parts are again subdivided at the points D and E; at the 


c3 
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points C, D, and E, thus obtained, the transverse vertical sec- 
tions of the vessel are delineated as shown by Fig. 9 

The length of the load-water line from the fore edge of the 
rabbet of the stem B, Fig 9, to the after edge of the rabbet of 
the post A, is next drawn below and parallel to the base line 
S T, Fig. 9, of the sheer plan; this line, F G, becomes the 
base line of the curve of the sectional areas. The common 
sections of the transverse vertical sections of C, D, and F, 
(which will be straight lines,) with this horizontal and longi- 
tudinal plan, are drawn from their respective points of division, 
I, J, and K, in half-breadth plan, Fig. 9. The areas of these 
transverse vertical sections at D, C, and E, are then caleulated 
by Stirling’s Rules, viz., 


Area = }a+4r+2q} xfalezer+qhx, 
or, Arca fa+or+ aq} xt iA + P4159} x ae 


Ilalf Arca of Transverse Vertical Section, at C, by Rule 1, 








or, 4 Area = {> +2P+Q} x x 
Ist. ... 6:3 2nd ... 6°0 3rd... 48 = Q 
Last ... "2 4th ... 23 
2)6°5 83 =P 
2 
3:25 = — ae 
16:60 = 2P 
A 
8:25 = 5 
sia 
24 os - ~ ans 2P+Q 
: 
alee y 
7395 
19720 





204595 =f S+2P+Q? x SF = 


Cad 





4 Area of Section C in feet. 
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CM, or depth = 5:0 feet, whence = or, > = 1°:25=>r= 
Or he 
distance between the ordinates, and = ae 2° == = 
°83 feet. 
Half Area of Section C, by Rule 2. 
: 3 
or, 4 area = {5 +P+4+15Q} ore 
Ist. ... 6:3 P= 00 5:6 2nd. 
Last ... 2 3°05 3rd. 
2)6°5 8-65 = Q 
weed 4°32 = il Q 
$25 = 2 ces 
goa 2 12°97 =15Q 
325) 4 
wwe7f=_Z_tPt+srse 
16°22 
5 =3r=CM = 5-0 ft. 
4)81-10 


— 


20°275 = Larca= {> +P+15Q} x 





Half Area of the Transverse Vertical Section at E. 





Ist. ... 5:0 2nd. ... 4:2 srd. ... 29 = Q 
Last ... 6°2 4th. ... 1:7 
2) 5-2 59 =P 
2 
26= an 
— 2 11:8 =2P 
A 
26 = 3 
29=Q 
A 
E O, or depth = 4°2 feet, whence = =1:05=>7r= 
distance between the ordinates, and sa = — mE os -_ = 


"7 feet; therefore, 
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A 
Area= $A 4 2P + al +2 a173 x "7 == 12°11 = half 


area of transverse vertical section at E. 


Half Area of the Transverse Vertical Section at D. 





Ist. ... 5°40 2nd. ... 3°5 8rd. ... 146=Q 
Last ... 0°2 4th. ... 0°7 
2)5°6 2 =f 
— A 2 
23= — —_— 
ee 2 84 =2P 
A 
238 = Q 
146—Q 
- A 





DN or depth = 5'8 fect, whence? = = 


distance between the ordinates, and 2 = 2x = "45 


1°45 feet = 


T= 
2-9 
3 

Area = j44 2P 4 at x 7 = 12-66 x oT = 


12:28 fect = half area of transverse vertical section at D. 


= °97 feet; therefore, 


Half Areas of the Transverse Vertical Sections. 


Feet. ; Feet. 
E = 12:11 Divided by 5 as the depth assumed for ( 2°42 

At+ C = 20°20 } the zone, give the ordinates for the curve ~ 4°04 

D = 12°28 ) of sectional areas, as 245 
of which 2°42 is set off from H, as H R; 4°04 ft. from I, as 
1Q; and 2°45 ft. from K, as K P; the curve I RQ PG 
passing through the extremities P, Q, and R of the ordinates 
PK, QI and RH is the curve bounding the area of a zone, 
which to the depth of 5 ft. for a solid, will give in cubic feet 
the half displacement of the immersed body, 01 of the yacht to 

the line A B of proposed deepest immersion. 
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To measure this representative area, and from thence the 
solid, join the points Q, G, and I by the straight lines Q G, 
Q F, dividing the curvilincar area F R Q P G F into the two 
triangles Q G I, Q F I, and the two areas G PQG,FRQF. 
The triangles by construction are equal, and the area of each 


one of them is equivalent to eee ee or the whole area 
GQF rao =Sixnt x 2=GIx QlorFIx1Q, 


F I being equal to F G, cach being the half-length of the 
same clement, the load-water line, or line of deepest immer- 
sion. The areasQ P GQ, QR F Qare bounded by the curve 
lines Q P G,Q RF, which are assuined as portions of common 
parabolas, and under such an assumption their respective areas 
are equal to 2 of the circumscribing parallelograms, or the 
aren QP GQ = #o0f GQ x x, and the arca F R Q F-= 3% 
of FQ x a’, where « and 2’ are the greatest perpendiculars 
that can be drawn from the bases Q G and Q F to mect the 
curves QP G,QRF. 


Fia. 9. Prate B. 
EXAMPLE. 


Yacut or Tuirty-s1x Tons. 


DISPLACEMENT. 
EXAMPLE. 
AB by a scale of parts = 44 ft., whence F I or F G equal 
AB _ a4 ft. = 22 ft.; ordinate Q I of the medial section = 


2 2 
4-04 ft.; and Q G = F Q being the respective hypothenuses 
of the equal triangles, Q G I, Q FT are each equal to 
J (FG + QL) = V (222 + 4042) = / (484 + 16°32) 
=f 500°32 = 22:37 ft., and 2 by measurement with a scale 
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of parts = °6 ft., and 2’ also °6 ft., from which data the half 
displacement, in cubic feet, will be obtained as follows: 


Area FQ GIF = GI x 1Q. Cubic feet. 


Sohd under the) _ pz Pr 2 op : = eas 
area FQ QI F = GI xI1Qx* 5= 22x 41 x 5 451-00 
Area QV PGQ = 2 0f GQ XK z 

Solid der tl) ‘ . ae : : 
Ma OGG =o GQxX«x5=2x 2237xX 6x 5= 44°74 
Area FRQF = 2 of FQ X 2” 


soe FRQEY —S°EQX a x5 = BX 2237 X 6X 5 = 44-74 


rte ne 


540°48 


or area of the triangle Q GI + area of the triangle Q F I, 
+ area of the space Q P GQ + area of the space F R QF 
== to the representative arca F R Q P G, which being multi- 
plied by the assumed depth of 5 ft., for the zone of half dis- 
placement, gives 540-48 cubie feet, which divided by 35, the 
number of such cubic feet that are equivalent to a ton of 


medium water, gives 
5)540°48 





7)108-09 





15-44 tons for half displacement, 





so that the whole weight of the body is equal to 15-44 x 2 
= 30°88 tons = displacement to the line of proposed decpest 


immersion A B,. 


RELATIVE CAPACITIES OF THE BopIES IMMERSED UNDER THE 
ForE and AFTER HALF-LENGTUS OF THE LOAD-WATER 
Link, AS GIVEN BY THE DELINEATED CURVE OF SEc- 
TIONAL AREAS. 


The triangles Q G I and Q FI being equal, the relative 
capacitics of the fore and after bodies will be determined by 
the proportion that the area Q P G I bears to the arca Q R FI, 
and as these areas involve two equal terms, or that the base 
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FQ = the bage Q G, it follows, that the relation of these 
areas {o cach other will be expressed by the proportion 
that the perpendiculars # and a’ bear to cach other. In 
the example given, the fore and after bodies, or the dis- 
placements under the fore and after half-leugths of the load- 
water A B, are equal; as the perpendiculars a and a’, taken 
from the diagram, Fig. 9, on a scale of equal parts, are cach °6 
of a foot. 

The area of the midship section is denoted relatively by the 
medial ordinate of the curve of sections QI; and the full 
amount of it is obtained by multiplying the function Q I by 
the depth of the zone M. In the example: 


M = 5; QI = 4:04: then half area of medial section = 4°04 x 5 
5 





Area of midship section . . 20°20 


CENTRE OF GRAVITY OF DISPLACEMENT BY THE CURVE OF 
SECTIONAL AREAS. 


An approximation to the common centre of gravity of the 
representative area of the zone, for the solid of displacement 
under the division of it into four portions, as shown in Fig. 
9, may be obtained as follows :— 

The centre of gravity of the two triangles, from their being 
equal, will be in the medial section Q I, and the common 
centre of gravity of the four portions of division will thence 
depend on the relative capacities of the parabolic portions of 
the representative area, and the positions of their respective 
centres of gravity. ; 

The position of the centre of gravity of each of the para- 
bolic portions of the representative area may be approximated 
to by dividing the hypothenuse into two equal parts and 
drawing a line from the point of subdivision perpendicular 
to that line and meeting the curve of sectional areas; the 
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centre of gravity of the respective portions may be then taken 
along this line at % of it from the curve, and its correspond- 
ing solid of displacement may be considcred in position at 
that centre, under which considerations the common centre 
of gravity of these parabolic portions may be found by cqua- 
ting the moments of them from the centre of gravity of cither 
of them: thus, in Fig. 10, under the division of the curve of 
sectional areas before given, if 


Fic. 10. 





G F H 


A = fore-parabolic portion of the represcutative area for the 
half solid of displacement, 

B = alter ditto; C, the fore-triangular portion of tle same 
area, and D = the after-triangular portion of it, aud the 
hypothenuses E H and GE be bisected in the points I and M, 
aud perpendiculars I K and M L be drawn from these points to 
mect the curve of sections G E H in the points K and L, 
then % of IK, equivalent to K O, and % of L M, equivalent 
to LN, will be the approximate distances of the centres of 
gravity of the parabolic portions of the representative areas 
from the curve G:E H, taken along the Jincs K 1 and L M. 
Join O N, and putting # for the distance of the common 
centre of gravity of the two parabolic portions, A and B, from 
N, and considering the volumes A and B to be in position at 
their respective ceutres of gravity, the equation of moments 
will be as follows: 


ax {Ax B}=Ax ON, 


from which cquation, if the value of ON, the distance that 
the centres of gravity of the parabolic portions A and B are 
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apart, be measured by a scale of parts, and A and B.be taken 
in value, equal to the eubic fect due to those portions, and these 
known quantities be substituted in the equation of moments 
for their several corresponding terms, the value of # may be 


determined. Let 2 = N Q, whence PQ, which is equal to 
NQ — NP, is known, for which substitute a, then {A + B} 
xX a@ = moment of (A + B) from medial section, and the 


common centre of gravity of the portions D and C is in the 
medial section, from which the common centre of gravity of 
A, B, D, and C, or of the displacement from the medial section 
EF, may be found by the equation of moments, 


(A+B) xa+(D+C)x0=(A+B4+D+0C)xza, 
or (A+B)xXa=(A+B4+D40)x2 
_(A + B)xa@_ _ (A+ 8) xa 


When = 6. Displacenisnt, 


and the value of # thus obtained being set off on the straight - 
line G H from the point F, will give the position of the centre 
of gravity of displacement. 

In the example given for the construction drawing of a yacht 
of 36 tons: 


From Fig. 10. 


44°74 feet. 
44°74 feet. 
225°50 feet. 
225°50 feet. 


whence A + B= 89°48. 


I 


I 





A 
B 
C 
D 
D 


AndA+B+C+D = 540-48 feet, equal to the half displacement. 





2 2 
LM = ‘6, whence LN ibe of LM = “3 of 6 = 4, and 


2 2 
K I =°6, whence KO a of KI = 3 of "6 = °4, 


aud the points N and O are the positions of the centres of 
gravity of the curvilinear spaces G L E G, E K H E, whence 
NO may be measured by a scale of cqual parts, and from 
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thence P Q be determined. Yor by the equation of moments, 
a x (A + B) =A X NO, where N O by measurement = 


16 ft., and a = N Q, the point Q being assumed. 
NQ x (A + B) =A X NO, from which by substitution 
715°84 





39-48 > 8 feet, 


which 8 ft. being set off from N along the line N O, gives the 


NQ x 89:48 = 4474 x 16, or NQ = 


position of the point Q, from whence, by measurement, P Q 

may be found equal to -75 ft = a of the formula, in which 2, 

or distance of the centre of gravity of displacement from the 
(A+B) xa (A+B) xa 

AG Bb Pe fi a ilacenent 0 


odie as 89°18 x °75 ccs he di ' 
substitution, 2 = 540-48 = eet, the distance the 


medinl section = 


eentre of gravity of displacement is before the medial sec- 
tion EF. 


PART XIV. 


General Terms of the Curve of Sectional Areas when applied to Naval 
Construction.— Practical Operations under that System to the Yacht of 
36 Tons Admeasurement.— The Method applied to the Construction of a 
Frigate whose Displacement is 2,300 Tons. 


THE CurvVE or SECTIONAL AREAS APPLIED TO NavaL 
CONSTRUCTION. 


A consipERATION of the armament and its weight, of the 
number of men necessary to work and fight the ship, with the 
weight of the provisions and stores for the purticular service 
on which it is intended to employ her, and the weight of her 
hull or fabric, when completed, will fix the amount of dis- 
placement to be given to a naval coustruction. 

The arrangement of that displacement, under the dimen- 
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sions of the length, breadth, and draught of water, that have 
been determined on by the constructor, constitutes the theory 
of Naval Architecture; and the proposed method will be 
found to facilitate, in no inconsiderable degice, the construc- 
tion of men-of-war and steam-vessels, and will form a register 
by which, from observation and practical results, the best form 
to be given to them may eventually be determined. 

The displacement of the ship, under the considerations be- 
fore stated, having been decided on,—and the relative capa- 
cides under the fore and after half-lengths of the load-water 
line, having been fixed, with reference to the stowage and 
internal arrangements of the ship—the area of the vertical 
section, (*¢ at the middle of the Joad- water line,”) is next to be 
determined ; for which the following equation will hold good, 
by the variation of the decimal part of it to the views of the 
constructor, or the peculiar service required of the ship; as, 
under a given displacement, this clement, the “area of the 
immersed midship section,” will regulate the degree of fulness 
of the bow and quarters of the ship :— 

Length on the load-water line, from the fore-part of the 
rabbet of tie stem, to tle after-part of the rabbet of the post, 
multiplied by area of midship section, multiplied by decimal 
fraction == displacement. As an example: the decimal frac- 
tion of *7 has been found to give the area of midship section, 
well adapted for frigates. Or, the equation stands thus :— 
Area of midship section = ae Pee mene et 
Length of lead-water line x +7 

The area of the midship section having been determined, 
for the convenience of placing a curve of vertical sectional 
areas on paper, take a sub-multiple of that area, by dividing 
the halfarea of the midship section by a quantity that will 
give a quoticnt less than the half-breadth of the ship, and call 
this the “ middle ordinate of the curve of sectional areas;” or, 
of a curve, Which will, under the length of the load-water line, 
bound an area, that, to the depth assumed, will form a solid 
equivalent to the half-solid of displacement. Next sct-off the 
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length of the load-water line. under the points before given ; 
divide that length into two equal parts; and set up, at the 
middle thus obtained, the “middle ordinate of the curve of 
sections :” complete the triangles, by joining the extremes of 
the load-water line and the extremes of the “ middle ordinate 
of the curve of sections ;” and find the arcas of these triangles, 
which are similar and equal by construction. The respective 
differences between the intended half-displacements, in cubic 
fect, under the fore and after half-lengths of the load-water 
line, and the areas of these triangles will give the required 
areas to be developed under the curves on the hypothenuse of 
each triangle, which shall, with the areas of the triangles, muke 
up a submultiple of the half-displacement ; and the ordinates 
of these curves, measured perpendicularly from the base line, or 
line representing the length of the load-water line, will be sub- 
multiples of the area of cach transverse section of the immersed 
body. 


TuE prorosED Mrernop or ConsTRUCTION, STATED IN 
GENERAL TERMS. 


Let the displacement = D; and take the difference of the 
respective capacities of the bodies, or the excess of the fore 
body over the after body, under the fore and after half-lengths 
of the load-water line, as 4 per cent. of the whole displacement. 
Let A BC, Fig. 11. p. 73, equal the length on the load-water 
line; BD = the “ middle ordinate of the curve of sections ;” 
join A and D. D-and ©, thus completing the triangles A B D 
and D BC, which. by construction, are similar and equal. To 
deterinine the lines E Fand GH, the abscissa of each curve re- 
quired, the following equations must be eliminated. The half- 
displacement, represented as an area of a zone to a common 
depth assumed, is to be bounded by a curve AH D F C and the 
base A B C, the length of the load-water line; and the part 
DBC F, under tlic fore half-length BC of A BC, is in excess of 
the part D B A H, under the after half-length A B of the load- 
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water line ABC, by 4 per cent. on the half-displacement, 
Or, 


D 4D D D 26D 

The area DBCF.. . “= G59" 2 Tivo 100" 
- D 4D D D 24D 

The area D BAH... oe 4 6400°:~CU COO 


The area DECF 
The area DGAH . 


4EF x DC t if considered to approximate 
GH x AD to a common parabola. 

7 4D 2D As the 
By construction, area DEC F — area DG AH = 500 100 t fore. ody 
of displacement is to exceed the after body by 4 per cent. on the whole 
displacement. 


D 
Also, by construction, area DECF-+area DG AH = oe twice 
area of the triangle CBD, or ABD. 
Or, 3 EFx DO—ZGHxAD= 


bo 
o 





| 


4D 
B00 = Too 


gEFxDC+2GHxXAD= > (2 area of triangle C BD) (2). 
Or, by adding 1 and 2 together, 1 EF x DC = a + ~- — 2 area of 


the triangle C BD. 


In which cquation E F is the only unknown quantity, and the 
value of it can thence be casily determined ; and, when found, 
if substituted in equation, 1 or 2, the value of G H, will be 
known. The dimensions for the abscissa of the curves being 
thus fixed, the respective positions of them along the hypothe- 
nuse of the triangles C B D or A BD, will remain to be deter- 
mined by the views of the constructor, as on the position 
chosen depends the character of the bow and quarter of the 
ship. D E = 2 of DC, and D G = 4 of D A have been 
found to give a eurve of sections A DC, which is best adapted 
for a man-of-war, under the present stowage and internal ar- 
rangements. The curve of scctional arcas A H D F C, is then 
made to pass through the points A, H, D, F, and C, form- 
ing the representative area of the zone for the half-displace- 
ment. 

The constructor has next to delineate, according to his ideas, 
the load-water line, and the form of the midship section, in 
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closing the area proposed to be immersed; and having done 
which, the load-water line will form the boundary of the final 
ordinates of the respective areas of cach transverse section of 
the immersed body; and the areas given by the curve of 
sections will develope the form of them; and the bodies (fore 
and after) will thence be balanced, and the required displace- 
ment ensured. 


CurVE oF SectTionat AREAS AND ZONE OF DISPLACEMENT 
APPLIED TO THE CONSTRUCTION OF THE YACHT OF 86 TONS 
ADMEASU REMENT. 


The whole displacement was taken at 30-88 tons of medium 
water of 35 cubic fect to the ton. 


Giving the whole displacement as 1080°96 cubic feet, 


And the half 3 as 540°48 - 
Length on the water-line assumed to be 44 fect. 
Breadth , ‘ . ‘ : 12:6 feet. 


The area of midship section taken as being equal to 
Superficial Ft. 


Displacement __ 1080-96 _ 40-9 
Length of Load-water Line x 6 44 6 — ; 





The capacities of the Fore and Aftcr Bodies were made equal ; 


Or, Fore Body = 540°88 cubic feet. 
After Body = 540°88 5 
Whence 270-44 = half fore body in cubic feet. 
270°44 = half after body 
20°45 = half area of midship section. 
6°3 = half breadth. 
Dividing the half area of the midship section by 5, as the 
depth of the zone, gives 4:09 feet for the “middle ordinate of 
the curve of sections,” and 5 becomes the multiple for the re- 
presentative areas or the depth of the zone. 


The length of the load-water line divided by 2 = * ft. = 22 ft. = FI or 


IGxIQ 


IG. (Fig. 9, Plate B.) The representative area QIGorQIF = 3 


22 x 4: 
gene ee i SOS 0 05 eck 
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~- 


Cubic Ft. 


The zone or solid under QIG = QIG X 5 = 44°99 KX 5 = 224-95 
The half fore body equals < , : : 270-44 
Difference . x 45°49 


being equal to the solid under the parabolic area QP QC. 
The length of the hypothenuse Q@ by calculation = vy (227 + 4:09") 
= / (484 4+ 16°72) = y50072 = 22°37 feet. 


To find the value of the abscissa 2 of the parabolic area 
QP G Q, substituting the foregoing values in the equation, 
2D 


D 
a+ i009 


(P. 69.) Sof QG@ Xx # X depth of zone = 5 


2 { aren Q1G | 
D 
x depth of the zone, or 4a X 22°37 X 5 = oo 2 area of QIG xX 5 


as aa is equal to nothing, there being no difference between the bodies ; 


whence 4x” X 22:37 x 5 = 540°48 — 449-90 
447-4 Xr = 3 X 90°58 
= 271-74 
271°74 
and x = i. 6. 

The value of 2 is the same; the portions of the displace- 
ment under the fore and after lengths of the Joad-water line, or 
line of deepest Immersion, having been assumed equal; the 
positions of # and 2 along the hypothenuses Q G and Q F 
have in this example been taken at } of each respectively, or 
of QGand Q F from Q, the curve traced through the points Q, 
and the extremes of # and 2’ (p. 61) will be the boundary of 
an area representative of the surface of the half solid of di.- 
placement, under a zone 5 ft. in depth; and the crdinates of 
that curve, multiplied by 5, will give the areas of the respec- 
tive vertical and athwartship immersed scctions at each position, 
thus :— 

P K measures, by a scale of parts, 2-45 feet; which, multi- 
plied by 5, gives 12°25 fect as the area of the immersed 
section O of the sheer plan; and the curve descriptive of the 
form of the body at the station having been delineated, follow 
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ing the form of the midship section inclosing that area, and 
the constructor having done the same for consccutive sections, 
he will have furnished sufficient data to cnable the draughtsman 
to fair the design, in which he will have ensured the correct 
amount of displacement assumed by him, and a distribution of 
it under the fore and after lengths of the load-water line that 
will be in accordance with his proposed arrangements for 
stowage and.«form, 


Proposep Mertuop oF CoNSTRUCTION, APPLIED TO A 
PARTICULAR EXAMPLE. 


Frigate of 2,300 tons moulded displacement. 


Displacement = D = 2,300 tons = 80,500 cubic feet of 35 to the 
ton, and half-displacement = 40,250. 


Given Length on the Joad-watcr line assumed = 172 feet. 
Breadth ee 7 = 46 feet. 
Then area of mid-) _ Displacement 80,500 


i = ee = 668 ft. 
ship section —§ Length of Joad-water line X °7 = =172 X °7 
Taking the relative capacities, as before stated, of 4 per cent. 
on the whole moulded displacement, will give, on the 2,300 
tons, 92 tons. 





The half-displacement . = 1,150 tons 
The half-difference of ) 46 
the Capacities . .) ad 
Sum... 1,196 = Capacity of fore body. 
Difference . 1,104 = a of after body. 
Whence... 589 = 3 fore body = DFCB. 
552 = 4 after body = DHAB. 


Or, 20,930 cubic feet for 4 fore body, each ton being considered 
equivalent to 35 cubic feet, 
19,320 cubic feet for 4 after body. 
Half-area of midship section = 334 feet. 
Half-breadth . . . . . = 23 feet. 


Dividing the half area of midship section by 30, gives 11:1 ft. 
for the “ middle ordinate of the curve of section,” and 30 be- 
comes the multiple for the representative areas or depth of the 
zone. 
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The length of the load-water line divided by 2= 86 ftt.=ABorBC. ° 
BCxBD &8&6xl1lIi1 

The representative area A B DorCBD= —— = —~— 0 or 477°3 ft. 

which, multiplied by 30, gives 14,319 ft. for ‘the displacement 

of the triangular portion of the zone. 


And the displacement of half-fore wine - = 20°930 cubic ft. 





Area of triangle DBC... . - - = 14,819 _  ,, 
Difference equal to the representative area / _ ee 
bounded by the curve DECF .. . mai 





The length of the hypothenuse D C, by caiculation, = 87°8 ft. 
To find E F, substitute these values in the equation : 


4 D 2D 


3 EF x DO= 3 +59 — 2 (area of triangle ABD or CBD), 


4 D 2D 


4 EF x 87°8 X 10 = 40,250 4 1,610 — 28-638. 
EF x 3,512 = 12,889 
Or EF = 8°76 feet. 


— 2 (area of triangle A BD), 


And to fiud the value of GH, we have 3 of EF x DC — $GH x AD= 20 
= 23-76 x 87°8 x 30 — 4 GH x 87°8 x 30 = 1,610 
or 2 X 3-76 X 878 x 10 —2 GH x 87°8 x 10 = 1,610 
4992-56 
6602-56 — 1,610 = 1,756 x GH, or GH = 1756 = 2°84 ft. 


Or GH = 2°84 ft. nearly. Also, DE = % of DC = 4 of 87°8 = 58°7 ft. 
for the position of the abscissa, F E, from D on the line DC. 

A consideration of this groundwork of a simple and certain 
method of construction, will carry conviction of its utility and 
great capability. The demonstration of it is not strictly true, 
in the mathematical sense of that word; but it is founded on 
that rock; and when the method is practised, it will never 


deceive, and will very materially lighten the labours of the 
naval constructor. 


Fig. 11. 
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PART XV. 


Preliminary Remarks. —Methods of Calculation for the Areas of the Sails. 
—Method of finding the Centres of Gravity of Sails, and determining 
the Position of the Centre of Effort of the Moving Force or the Sails of 
a Ship. 


Havine made the principal calculations on the immersed por- 
tion of a ship or her displacement, the quantity of sail and its 
distribution, or the moving force required with relation to the 
form of the vessel, is the next subject that demands the atten 
tion of the Naval Architect. To pass through the mazes that 
envelope the theory of resistances with which this part of the 
science, the area of sails, is connected, will not be attempted 
in this rudimentary work, as such attempts would be highly 
speculative, not within the assumed attainments of the novice, 
and would, moreover, yield results of but little practical 
utility, and thence would be unworthy of the time which 
must be bestowed on their developement. 

A plan of the sails having been delineated by the dranghts- 
man, the areas, centres of gravity, and centre of effort, or 
the centre of pressure of them, are found in the following 
manner : 


AREA OF THE SAILS THAT ARE IN ForM TRAPEZOIDS. 


ABC Dis a trapezoid, the 
side A B being parallel to C D, 
and is of the form of the top- 
sails, courses, and what is termed 
the square-sails of a ship. This 
figure is divided into two tri- 
angles by the diagonal AD, 
and to find the areas of these 
triangles, the perpendiculars 
C E and B F to A D, are drawn from the apex of the respzc- 
tive triangles A C Dand A BD. 
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ADx CE 
Area of the triangle ACD: ——~~—", 


AD 
Area of the triangle ABD : eed 


and the Area of the whole figure ABCD = 
AD+CE ADxBF CE+BF 
Se eh es A De 
2 2 2 
This formula, however, is the same as that for the trapezium 
below ; but a more convenient one is obtained by dispensing 
with the diagonals and the two perpendiculars upon it, and 
measuring only one perpendicular drawn from any point in A B 
to CD; for this perpendicular will be the common altitude of 
both the triangles A C D, A BD; so that, calling the perpen- 
‘ : : Pp C D 
dicular P, the arca of the former triangle will be a ; 


PxXAB, 


and the area of the latter, therefore the area of 


both, that is of the trapezoid, will be 
Area = P niu ane 
AREA OF THE SAILS THAT ARE TRIANGLES. 

In jibs, fore-topmast stay-sails, and all sails triangular in 
form, the areas are found by multiplying the base into the per- 
pendicular to that base, drawn from the apex of the triangle, 
the product being divided by 2, or area = 

base < perpendicular from the apex to the base 
2 
AREA OF THE SAILS THAT ARE TRAPEZIUMS OR QUADRI- 

LATERALS, THAT HAVE NOT THEIR OPPOSITE SIDES PARALLEL. 

ABCD is a trapezinm, and is ; 
the form of the driver or boom- Fig. 13. 
mainsail of a ship and that of the 
mainsail of a cutter, and fore and 
aft sails of schooners. ABCD 
is divided by the’ diagonal A C 
into the two triangles, A BC and 
ADC; BF and DE are drawn 
perpendicular to A C from the 
points B and D of these triangles, 
from which construction the area 

D2 
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ABC = ee and area ADC = ASX DE, and the 


2 
ACx BF, ACx DE _ 





whole area ABCD = + 5 = 
AcxBE+DE 


The sum of the areas of the sails, which in form are com- 
prehended by the three examples given, will be obtained by 
the summation, under the methods laid down, of all the areas 
delineated in the plan of the sails. 

To FIND THE CENTRES OF GRAVITY OF THE SAILS. 


When of a triangular form, as the jib and fore-topmast stay- 


sail, &c 
A 
Fie. 14. 


BO 

Let A BC be a representation of the required sail, then 

bisect A C in E, join Band E; then 3 of BE = BG = dis- 

tance of the centre of gravity of the triangle A B C from B, 
which call G, or centre of gravity of the sail. 

When of the form of a trapezoid, as the top-sails, courses, 


and top-gallant-sails, &c. 
A B 





Fig. 15. 
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Let A BCD represent a top-sail of the form of a trapezoid, 

A B being parallel toC D; join A and D, dividing the trapezoid 
into the triangles A C D and A BD; bisect A D in the point 
E, and join C and E, B and E; then the centre of gravity of 
the triangle A C D will be at the point F which is % of C E 
set-off from C, and the centre of gravity of the triangle A B D 
will be at the point H, which is 3 of B E from B, and the 


area of the triangle A C B as before shown is equal to ah a 


AD x B K 





and the area of the triangle A B D = » where C1 


and B K are perpendiculars from the points Band C of the: 
triangles on the base A D, and the whole area ABCD = 














AD BRAD RCT Hap x [PETS whence 
we have the moments from H, = area of ABCD x GH 
= area of ACD x FH=apx {25707} x GH 

ae F H, 
ee ADxCI 2 : 
or ifGH=2,2=FH x ge a a {CK +Ci}— 
BU CT _ distance of the centre of gravity of the area 
BK+ CI 


ABCD from the point H, the centre of gravity of the 
triangle A BD being given in position, The same formula 
will apply to the sails that are trapeziums. 


CENTRE OF EFFORT OF THE SalILs. 


The areas of the sails, and the positions of their centres of 
gravity having been individually determined by one of the 
foregoing rules, the centre of effort of them is usually found 
by assuming, but not necessarily so, an initial plane at the fore 
extreme of the load-water line ; from this plane (which will be 
represented by a line on the drawing) the distances, by a scale 
of parts, ure taken to the respective centres of gravity of the 
several sails shown on the drawing, which distances, when 
multiplied into the respective areas of those sails, give the 
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moment of each sail from the assumed plane: and the sum 
of these moments being divided by the sum of the areas of 
the respective sails, or the total area of sail, will give the 
distance of the common centre of gravity of the sails from it. 
This is supposing that the eentres of gravity of the respective 
sails are all situated on the one side of the assumed plane ; 
should the contrary be the case, and that some of them are 
on the reverse side of the plane, then the difference between 
the moments of those which fall on cither side, divided as 
before by the whole area of sails, will give tle distance the 
common centre of gravity of them is from the initial plane. 
This gives the position of the centre of effort of sail with 
respect to the length of the load-water section. To find its 
height from that plane, the load-water section, take from the 
drawing of the sails, by a scale of parts, the height of the 
centre of gravity of cach sail from the load-water line: this 
distance for cach sail, multiplied by the area of the same, 
will give its moment of height from that plane; and the 
sum of such moments for all the sails, being divided by the 
whole area of sails, will give the height of the centre of 
gravity of them from the load-water line. The position of 
the centre of effort of the sails will thus be fixed; for the 
centre of gravity of the same systems of areas having been 
ascertained for length and height, it follows that the point in 
which these co-ordinates mect is the common centre of gravity 
of that system, and thence the centre of effort of the sails which 
it represents. 


APPLICATION OF THE RuLEs FoR CALCULATING THE AREA OP 
THE SAILS, AND THE [POSITION OF THE CENTRE OF EFrort 
CF THE LAILS, TO A Yacut OF 86 Tons. 


In Fig. 16, Plate ©, or a Delineation of the Sails, 
A B Cis the Jib. 
WY E F is the Fore-sail. 
G1KH is the Main-sail. 
H @ H is the Gaff Top-sail. 
LM ON is the Mizcn. 
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These sails, having been severally divided for calculation as 
directed by the Rules. 

A’ B’ the representative plane from which the moments for 
the position of the centre of effort lengthways are reckoned. 


AREA OF SAILS. 


Feet. 
‘ ‘ A BP 
Jib = poe x tt = 25-4 xX 17-4 = 441-96 = aexs . 
1 > iD 
ovesailies —— = 18 x 15-4 = 197-20 = a 
. T 
Main-sail = 50-4 x aor = 25-2 x 87-4 = 942-48=GK x ore 
Gaff 43:0 x 19'8 ALx GZ 
Top-sail = ——3 = 215 X 19'8 = 425°70 = —5 — - 


LO x (Mc+ Na) 
a 2 ° 

2457-26 Area of Sails in 

Superficial Feet. 


Mizen = 30°4 x 


20 9°6 
a = 15:2 X 29°6 = 449-92 = 





PosITIONS OF THE CENTRES OF GRAVITY OF THE SAILS. 


Jib = % of BP from B = 3 of 17-4 feet = 11°6 feet from B = y. 
Fore-sail = 3 of EQ = @ of 18 = 12 feet from E = r. 
Main-sail, Triangle GIK = @ of IR = 2 of 28-2 = 18°8 feet from I = W. 
Main-sail, Triangle GH K = 2 of HR = # of 138 = % = 88 fee. from H = V. 
Common Centre 
. Grey of _ WV x IS _ 138 x 25°0 _ 34°5 = 9-2 hata Vv 
GIKH or IS+ HT 250+4 12-45 87-4 = u. 
Gaff Top-sail = 2 of GZ = % of 19°8 feet = 13:2 feet from G = z. 
Mizen Triangle LMO = 3 of Mb = 2 of 21 = 14 ft. from M. 
or LMON Triangle LNO = 2 of Nb = 2 of 10 = 6°6 ft. from N. 
Common centre of gra-} mo X Me 10420 20380 from O 
vityof mizenorLMON fMe+Nd 20496 296 se fu = p. 


no, by measurement, = 10-4 feet. 


2457-26) 69616°848 (28°33 ft. distance 
491452 from A’ B’ 


2047164 
1965808 


813568 
737178 


763900 
737178 


26722 








CENTRE OF Errort rrom Loapv-WatTeER LINE. 


Positions of Distances from 


Sail. Area, the Centres Load-water Moments. 

of Gravity. Line.* 
JID <vevus 441°96 y = 18:0 ... 7955°28 
Fore-sail.. 197°20 r = 1670 ... 3155°20 
Main-sail. 942°48 uU = 25:0 ... 23562-00 


Gaff top- : 
mail| 42570 


Mizen ... 449-92 p 


52°38 ... 22476:96 
15:0... 6748-80 


Area = 2457-26 2457°26) 63898 24 (25-9 ft. from load- 
oo 491452 water line. 


1475304 
1238630 


2366740 
2211534 


155206 


-_ 


* These distances are measured by a scale of parts, from the plans of the sails being 
square distances of the centres of gravity from the initial plane A’ B’, 
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From which results the position of the centre of effort of 
the sails may be determined, there being two co-ordinates to 
fix the place, the one measured from A’ B’ paralle) to the load- 
water line, and equal to 28-3 feet; ‘the other on a perpendicu- 
lar to the load-water line, and equal to 25-9 feet; and the 
point where these intersect, marked thus © on the plan, 
denotes the position of the centre of effort. 


PART XVI. 


ScaLE OF CAPACITY FOR THE YacuTt oF 36 Tons 
ADMEASUREMENT. 


On the Sheer Plan, Fig. 8, Plate A, according to the direc- 
tions given at p. 22, A B being the load-water line or the line 
of deepest immersion, 6 6 and dd are drawn parallel to A B, 
and these lines denote the immersions to which the displace- 
ments are calculated to form the proposed scale of capacity. 

The curve of sectional areas for the immersion A B has been 
described, Fig. 9, Plate B, and from thence the zone for the 
displacement has been calculated (p. 62), and found to be equal 
to 30°88 tons. 


DisPLACEMENT TO THE IMMERSION (bb), by CurvE oF 
SECTIONAL AREAS, AND ZONE FORMED BY 1T. 


To obtain the equal spaces of division required for the use 
of Stirling’s Rules, take a scale of parts, and keeping one of 
the divisions of it wel] to the base line of the area to be mea- 
sured, move the scale to mect the extreme ordinate of the 
area at any equal number of divisions of the scale, then the 
intermediate equal divisions will give points through which, if 
lines be drawn parallel to the base line, the urea will be 
divided into an even number of spaces, and the ordinates will be 
an odd number for the use of the first rule given by Stirling. 


D3 
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Half Area of the Vertical Sectton 2, Fig. 8, Plate A, when 
immersed to the depth of 4, or 2°1 ft. 








Tet.c 225 2nd ... 1°35 8rd ... 000 =Q 

5th... °20 4th ... 0:00 

2)2°45 1:35 =P 
2 

sec 38 2-70 =2P 

A 

99 — 2 

12 5 

0°00 = Q 


302= 5 +2P+Q 


the depth being equal to 2-1 ft., and the number of equal 
divisions being taken as 2, giving 3 as the number of ordi- 
nates, the spaces between the ordinates will be equal to 
2°] 
; —— x 2 
a = r of the formula, whence = ==, or =i will equa. 
whole depth __ 2: 


5 7 at feet. 


With five ordinates, under the same rule, 2” a ” will equal 


el a a with seven ordinates a ee 


s02= = 42P4+Q 


a 2 


fittest _.j 4 Area of Vertical 


Section 2, 
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Half Area of the Vertical Section 3, when immersed to the 
depth of bd, or 2:4 feet. 





3:7 3°0 2°5=Q 
2 115 6)2°4 = depth at 3. 
2)3°9 415=P = or 
— A 2 — 8 
195= — —— 
A 
4 2 
2°15 = Q 
ele get A 
12°40 = 5 +2P+Q 
“4 = ar 


A 2r 
=(=4029P “7 {= % Area of the 
a G a + @) * 3 Vertical Sect. 3. 


Half Area of the Vertical Section 4, when immersed to the 
depth of U6, or 2°75 fect. 


5-0 4-0 28 =Q 
25 15 6)2°75 = depth at 4. 
= aaa —=. 2 
2)5-25 5 =P 46 = — 
262 = = ena 
Soe 11:00 = 2P 
A 
ok 
1642= 5 +2P4+Q 
2r 
46 = = 
9852 
6568 





: A 2Qr Area of Ver- 
7°5532 = G +2P4 2) x 3 sR bcyomeens 4. 
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Half Area of the Vertical Section 5, when immersed to the 
depth of & 6, or 3:1 feet. 








5-4 4°5 31=Q 6)3-10 = depth at 5. 
25 1-55 — 9, 
nae 516 = — 
2)5-65 6-05 = P == © 
2 
2°82 = is —__— 
ate oe 12:10 =2P 
A 
2°82 = 
3-10 = Q 
18-02 = . A 1 eP4Q 
a 
1¢= 
ee 
10812 
1802 
9010 
2r 4 Area of Ver- 
929852 = st Bet @)x 5 "8 ~ | tical Section 6. 





Half Area of the Vertical Section 6, when immersed to the 
depth of 6d, or 3°5 feet. 








4:3 3°6 21=Q 6)3°5 = depth at 6. 
"2 ais 58 _ 2r 
2)4°5 47 = ——. 9 
—_——— 2 
2:25 = A —_——— 
see ae 94 =2P 
A 
2°25 = 3 
13-75= — <+ 2P+Q 
_ ae 
11000 
6875 
as Area of Ver- 
see (5 coat Q)xz = 1 heal Section 6. 
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Half Area of the Vertical Section 8, when immersed to the 
depth of 6 6, or 4°2 fect. 


2°05 1:05 60 =Q 6)4°2 = depth at 8. 
°20 35 : —- Oo» 


3 





2)2-25 1-40 
2 

joe ene 
= 2-80 
112 
60 = 


452=—5+2P+Q 
2r 


aoa 


ll 
rJ 





ll 
bo 
rg 


b> © nl > 


sich = (G+ 2P+0) x gm [hrs 
Formation of the curve G D L, by these areas, or the deli- 
neation of tne curve G D L of the curves of sectional areas, 
Plate C, as the representative area of the zone of displacement 
to the immersion b 4, the depth of the zone being taken as 
3 ft. The points L and Gin the base A B, which form the 
endings of the curve G D L, are obtained from Fig. 8, Plate A, 
by squaring down the intersections of the line b 6, with the 
fore-cdge of the rabbet of the stem, and after-edge of the 
rabbet of the stern-post, the line A B being the length of the 
load-water line ; under similar limits, therefore, L G equals the 
length of the water line J 6, of Fig. 8, Plate A. 


anh py pd abe voc. Divisor. he ry cree or 
Vertical Sections. Sections Sections. 
Feet. 
2 ° 2°74 4 e e 3 . ° 914 
3 4916 E - ‘ Fi ‘ 1°638 
4 7°553 - ‘ ‘ ‘ 2°517 
5 e ° 9°298 e ry ° e e 3°10 = F D 
6 ‘ é 7975 F : ° ‘ ; 2°658 
8 . . 31 64 e e e e ° 1°054 
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Results obtained from the Curve of Sectional Areas formed on 
the base L G. 


bb 
Length of the water line ) = 42°8 ft. whence FL = FG = oes 21°4 ft. 


LXFD 214 x 3:1 
Area of the Fore Triangle FDL = oe Petals 


2 

14x 31 

Zone under the Area DF L aXe x3 = aa x3 = 
99°51 cubic feet. 

. 1°5 
Area of the After Triangle FDG = ee = oe : 

‘ 91°5 
Zone under the Area DFG = ax *8 x 38= ax x 8 = 


99°96 cubic feet. 

Fore Ilypothenuse DL = «/ (LF? + DF’) = (21-47 + 31%) = 
J/ 467:57 = 21°62 feet. 

Fore Parabolic Area contained under the hypothenuse DL and the 
curve = DL x 2 of the maximum perpendicular on DL = 21°62 X § 
of -3. 

Zone under that area = 21°62 x 2 of ‘3 X 3 = 12°972 cubic feet. 

After Hypothenuse D@ = ./ (FG? + DF*) = (21°5% + 31%) = 
Jf 471:86 = 21°72 feet. 

After Parabolic Area contained under the Hypothenuse DG and the 
curve is equal to DG X % of the maximum perpendicular on D@ & 
21°72 X % of °5. 

Zone under that Area = 21°72 & 2 of °5 & 3 = 21°72 cubic feet. 


Whence, for the Half Displacement to the Immersion 6 0. 


Cubic Feet. 
Fore Zone under the Fore Triangle FDL = 99-51 
After Zone __,, After , FDG = 99:96 
Fore Zone under the Parabolic Area . . = 12°97 
After Zone = 21°72 


5)234°16 cubic ft. 
7)46°83 








6°69 = 
Half Displacement in tons of 35 cubic feet of space, and 6°69 xX 2 = 
13 38 tons = Displacement under the immersion Dd. 
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DISPLACEMENT TO THE ASSUMED IMMERSION dd, Fic. 8 
Puate A. 


Half Area of the Vertical Section 3 to the depth of d d, or ‘65, 
considered to be a Triangle. 


Base or Breadth of the Horizontal Section dd at 3, as shown feet. 
on the Half-breadth Plan, Fig. 8, Plate A : . -= 1:15 
Depth at 3, taken from the Sheer Plan, Fig. 8, Plate A -= °65 
575 

690 


Product of these two : oa 7:°475 


Which, divided by 2, gives 3°73 feet for the Half Area of the Vertical 
Section 3, under the immersion dd. 


Vertical Section 4. 
Considered as a Triangle, then the 


fect. 

Base as similarly taken for (3) ° = 20 
Depth re ‘3 ‘ = 1:0 
Product of these quantities == 2:0 


Which, divided by 2, gives 1:0 foot for the Half Area of the Vertical 
Section 4, under the immersion dd. 


Half Area of the Vertical Section 5, when immersed to the 
depth d a, or 1°35 feet. 


2°65 2°15 15=Q 6)1:35 = depth at 5. 
-20 1:00 — 9, 
— —- 22 = 
2)2°85 3:15 mae 8 
sae 2 
1°42 = 


—er 


I 
by 


6°30 
1°42 
1-50 


9°22 


bo] b> 
| 
ky 


-2P+Q 
"22 


1844 
1844 


co| nol > Od] > bo 





A 4 Area of Vertical 
2°0284 =x( 2 +2P+Q ) x= | Best 5, under 


the immersion d d. 
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Half Area of tle Vertical Section 6, when immersed to the 
depth d d, or 1°7 feet. 


2:05 1°55 1:00 =Q 6)1°7 = depth at 6. 
-20 60 _ or 
= —_—— "283 = — 
2)2 25 215 =P —— 
am 2 
1:12 = . saree 
ea 4:30 = 2P 
A 
112= 3 
1:00 =Q 
oe A 
2Q2r 
283 = = 
1926 
5136 
1284 


= A Or 4 Area of Vertical 
1°81686 =( 3 +2P+Q ) x i Section 6, under 





the immersion dd. 


Half Area of the Vertical Section 8, when immersed to the 
depth dd, or 2°4 feet. 





75 °55 4=Q 6)2°4 = depth at 8. 
-20 *30 — or 
cea 4= 
2)95 = oo. =F — 8 
475 = — 2 
cee ae en 
170 =2P 
A 
475 = 2 
400 = Q 
Mee Aue A 
2575 = zt2P+Q 
4= ar 
3 


—— A or 4 Area of Vertical 
1-0300 = € +2P+4 Q)xZ = Section 8, under 


the immersion dd. 
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Distinguishing Half Areas of Ordinates for 
Number of the the Vertical the Curve of 
Vertical Sections. Sections. Divisor. Sections. 
Fect. 

3 ‘ : “7475 ‘ ‘ 1 ; ; 74 

4 Z ‘ 1:0000 : ‘ : : ; 1:0 

5 ‘ : 2°0280 r ‘ : ‘ j 2:°02= FE 

6 1°8168 Z ‘ F a ‘ 1:80 

8 1:0300 : P : ; . 1:03 


Results from the Curve of Sectional Areas formed by these 
Ordinates, considered as circumscribing an Arca representa- 
tive of the Half Displacement under the immersion d d of 
Fig. 8, Plate A. 


Plate C. 
Length of the load-water line at the immersion dd = 39°35 FK = 18 5 
and HiF = 20°85 feet. 


Area of the Fore Triangle FEK = ey = oe : 





2 2 
F 18° 2°02 
Solid, or Zone, under such Area = Ae x1= ——— xl 


2 
= 18-685 cubic feet. 
Area of the After Triangle HF E = BEA EE = gees : 








2 

Solid, or Zone, under such Area = =x" x1= ae x 
= 21:058 cubic feet. 

After Hypothenuse HE = .(HF* + FE?) = ,/ (20°85? + 2°02%) = 
/ 438°8 = 20°95. 

After Parabolic Area = EH xX 3 of the maximum perpendicular on EH 
= 20°95 x @ of ‘6. 

After Zone, or Solid, under that Area = 20°95 x 2 of -6 x 1 = 8°380 
cubic feet. 

By measurement with a scale of equal parts, the Hypothenuse for the 
Fore Parabolic Area equals 15 8 feet. 

Whence Fore Parabolic Area = 15°8 & 2 of *5; where ‘5 is the maxi- 
mum perpendicular on the hypothenuse. 

Fore Zone, or Solid, under that Area = 15°8 x 2 of -5 & 1 = 5-26 
cubic feet. 


The division of the curve of sectional areas into four por- 
tions, viz. two triangles and two parabolic areas, points out, in 
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this case, that the fore triangular area exceeds the area re- 
quired by the fore parabolic area, and that thence the solid 
will be under a similar excess; in summing these portions for 
the amount of half displacement, the solid under the fore pa- 
rabolic areca must be subtracted from the sum of the three other 
portions, or the half displacement under the immersion dd will 
be obtained from the foregoing calculations by adding together 
the following :— 


Cubic Feet 

of Space. 
Zone, or Solid, under Fore Triangle . ‘ ‘ - = 18-685 
” ” ” After ” ° -. = 21°058 


#3 - under After Parabolic Area ‘ - = 8°380 





48°123 
And subtracting 
Zone, or Solid, under the Fore Parabolic Area . . = 6§°260 


Half Displacement in cubic feet of space to the immersion dd; whence 
42°863 < 2 = 85°726 = whole Displacement in cubic feet of 
space due to the immersion dd; 
which, divided by 35, or 5)85°726 


7)17-145 











2°45 gives 2-45 tons Displacement 

— to the immersion dd, 
Under these results, to form a scale for tonnage, proceed as 
described in page 23, by assuming C D on the scale of tons, 
Plate C, as a line of scale for depth or mean draught of water, 
the lower part of which, D, is at the same depth as the under- 
side of the false keel of the vessel amidships, and delineate on 
this line, C D, a scale of parts; on this scale sct off the mid- 
ships depths of the calculated immersions, or those at 55 sec- 
tion, Fig. 8, Plate A; draw lines at the points thus obtained 
perpendicular to this scale of depth, as F G, HI, K L, M N, and 
draw E A parallel to C D, the lower point E being considered 
as at the depth of the underside of the false keel, and thence 
on a level with the point D of the scale of parts; from the 
point A in E A (assumed as convenient) draw a line A B 
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parallel to F G, and on it form a scale of equal parts for tons, 
as shown in the scale for tonnage, Plate C, to be numbered to 
32 tons: in this Fig., F E corresponds to the immersion A B 
at 55 or amidships, H E to the immersion of 66 at 55 or 
amidships, K E to the immersion of dd at 55 or amidships, 
and M E to the immersion of the keel: the calculated displace- 
ments due to these respective immersions are as follow :— 


To the immersion for AB, or Load-water Line ; . 80°88 Tons. 
ee a bb » 2nd - : . 13°98 ,, 
ss ey dd » ord 53 ‘ . 245 ,, 
os Pe of the keel ,, 9 ; , 66 Coa, 


These displacements are set off on the scale A B, as shown 


in the Fig., Plate C, 


WhereAR =m 30°88 | 
AQ = 13°98 
le of .: 
AP = 9-45 ' parts of the scale of Tons 
AO = 66 ‘ 


and the points R, Q, P, and O, thus determined, are squared 
down to meet the lines F G, HI, K L, and MN, drawn square 
to the line C Din the points G, I, L, and M, when a curve, 
passed through those points, will form a scale of tons for the 
displacement to’any assumed or real immersion considcred as 
the midship immersion ; thus, should the displaced volume or 
tonnage be required at a mean immersion of 5 fect, a line 
must be drawn from 5 on the scale for the mean draught of 
water amidship, Plate C, parallel to F G, to mect the curve 
ENLIGin some point 8, which point S being squared up 
to the scale for tons, will cut the scale in the point V, as 
denoting 19:8 tons, which will be the volume due to that im- 
mersion ; the same for any other point of required immersion: 
and thence, conversely, may be determined the increased draught 
of water the vessel would draw on additional weights being 
placed in her. The yacht being at a mean draught of water 
amidships of 4°3 feet, it is required the additional immersion 
that will ensue from her taking on board six tons of ballast ; 
at 4°3 feet immersion, the scale, Plate C, gives A Q on the 
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line denoting the tonnage, or 13°98 tons; to which, if the six 
tons required to be placed on board be added, the sum will be 
19°98 tons, which will give the point V, on the scale for tons, 
which point squared down gives the point S in the curve 
EN1I.1G; and that point being transferred to the scale C D, 
gives 5 feet as the immersion which the increased weight 
placed on board will cause, or that 6 tons would at the mean 
draught of water of 4°3 feet, immerse the vessel bodily °7 feet, 
or 83 inches nearly. A similar process will give the weight 
required to be taken out of the vessel, to bring her up to any 
given or assumed draught of water; as, from 5 ft. to 4°3 ft., 
which would involve a process the converse of that given for 
the addition of 6 tons. 


PART XVII. 


An Example of the Comparison of the Forms of Ships, by the Curve of 
Sections being applied to the Vertical Sections of her Majesty’s Ship 
Vanguard, of the Year 1835, and the French Canopus, of the Year 1786 ; 
and a further Application of the Curve of Sectional Areas to the Light 
and Load Displacements of the same Men-of-War; with a view of show- 
ing their relative Capacities for carrying Weights, and to facilitate their 
Stowage, as pointed out in page 17. 


Tue Plate D is descriptive of the longitudinal sections of the 
ships, the athwartship vertical sections being thrown down on 
them at their respective stations, to show the forms of the 
ships, the curves or form of them being to the outside of the 
plank of the bottom. The areas to the water lines for light 
and load-water displacements are then measured by Rule 1, as 
follows:—A B being the load-water line, and D C the light- 
water line, of IT. M. 8. Vanguard. 
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Vanouarp.—Loap DIspLACEMENT. 
Midship Section, or Vertical Section 3, Plate D. 








27°8 26°9 25°6 12)21°6 = depth of 3. 
8 23:8 21-2 a oe 
—_—— 17-6 13°2 18 = 3 
2)28-6 7:2 nats = 
— A —_—-- 60°00 = Q 
14°3 = — 755=P —— 
soto. fe 2 
151:0=2P 
A 
14:3 = a 
60°0 = Q 
eee: 
2r 
1 = z 
18024 
2253 , Area of Midship 
ee m or Section, when im- 
405°54 = ($+ 2P+ Q)xi= { mersed to the load 
2 3 | draught of water, 
LA B. 
Vanguard. Vertical Section 2, Plate D. 
27°2 27:0 26°0 12)21-4 = depth of 2. 
8 24-2 21°8 — 9, 
—- 18:4 14:0 1:78 = — 
2)28°0 8-0 ees sees 
—— A — 61°38 =Q 
140 = — 776 =P em 
wom oe 2 
1552 = 22 
61:3 = Q 
A 
14:0 = 3 
fe a? = ae 
2310= 54+2P+Q 
2r 
1°78 = -— 
Petes 
1848 
1617 
231 ( 3 Area of Vertical 
Section 2, when 





load draught of 


A 2 
41118 = ( 3 +2P+ Q)x >= ’ immersed to the 
[test AB. 
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Vanguard. Vertical Section 1, Plate D. 
25°4 23°8 22°0 12)21°2 = depth of 1. 
8 19-4 16°04 ee, lps 
— 12°80 9-2 i ce = — 
2)26-2 5-20 a —— 3 
131= — 61-20 = P —_—_-~ 
— 2 2 
2 1224 =2P 
A 
131 = 3 
RCE 
182-74 = 5 +2P+Q 
a 2r 
176 = 3 
109644 
127918 
18274 (4 Area of Vertical 
—_——-—— A 9, | Section 1, when 
321°6224 =($+ 2P+ Q) x= 7? immersed to the 
—_—— 3 load draught of 
water, A 13. 
Vanguard. .Vertical Section 4, Plate D. 
27-2 26°4 25-2 12)22-0 = depth of 4. 
-80 22:8 19-6 ai 
uf 15'8 11-2 1:83 == 
2)28-00 6-2 —- —. ¢ 
- yo 56-0 = Q 
14°00 = = 12=-P — 
iecnae 2 2 
142°4=2P 
A 
140 =F 
560 = Q 
eon A 
212°4 = 3 +2P+Q 
2r 
1:83 = 3 
6372 
16992 
2124 4 Area of Vertical 





Section 4, when 


888°692 =(> +2P+ Q)xZ= immersed to the 


og 


load draught of 
water, A B, 
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Vanguard. Vertical Section 5, Plate D. 





24°60 23°00 20°20 12) 22-20 = depth of 5. 
80 16°20 12:80 ee 
_—— 8°80 5°80 1°85 = — 
2)25°40 3-00 — a - 8 
sf — 38°80 = Q 
127 = -- 51:00 = P 
ae” 2 
102700 = 2P 
A 
12°70 = 3 
38°80 = Q 
15350 = = + 2P+Q 
2r 
1°85 = = 
7675 
ae (4 Area of Ver- 


rl 5 tical Section 
re ae r__; 5, when im- 
283 ete = ( 3 +2P+ Q) air Gea mersed to the 
| load draught of 
water, A B. 





From these half areas, the curve E GF of sectional areas, 
forming the representative area for the zone of half displace- 
ment, is formed in the following manncr: take E F, Plate D, 
parallel to the lower edge of keel, and equal in length to where 
the Joad-water A B of Vanguard cuts the fore edge of the 
rabbet of the stem and aftcr edge of the rabbet of the post, 
and to the line A B square down the positions of the vertical 
sections 1, 2, 3, 4, and 5, of the Sheer Plan, Plate D; then 
for the representative ordinates of the curve of sections to the 
load-displacement at those stations, we have the following esti- 
mated data :— 


Distinguishing Half Area of Ordinates for 
Number of the the Vertical Divisor. Curve. 
Vertical Sections. Sections Feet. 
1 P : 321°62 . ‘ 30 , - 10°72 
2 411°18 ° é ° ‘ - 18°706 
8 e rs 405°54 ° e e ° e 13°518 sd HG 
4 é * 388°69 ; ; : F - 12°956 
5 ‘ ° 283-97 ° . Z ° - 9°465 
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which ordinates are set off from E F on their respective sta- 
tions 1 1, 22, 33, 44, and 5 5, giving the points for the 
curve E G F, and the arca E G F bounded by that curve and 
the line EF. EF by mcasurement = 186 ft., whence E H and 


F H are equal to = = 93 ft., and ‘the .whole area E GF 


when divided into —- four portions; the triangle F H D, 
triangle E H G, parabplic area under the hypothenuse G F, and 
the parabolic area under the hypothenuse G E, can be thus 
numerically determined :— 


H x HG 
Area of the Triangle FHG = Area of Triangle EHG = = ——; 


whence the sum of the Areas FH E and EHG=EH x HG. 





Or, the Areas of the Triangles FHG + EHG = EH x H@ = 
93:°0 ft. & 13-518. 


And Solid, or Zone, under such Area = 93:0 * 18°518 x 30 = 37715:°220 
cubic feet. 


Hypothenuse EG or FG = + (EH? + I1G*) = (93-0? + 13°52) = 
_v (8649°0 + 182°79) = ./8831 79 = 93°97 feet. 


Area GK FG = 3 FG X maximum perpendicular on FG, (p. 61,) = 
2 of 93°97 x 6-0. 


Solid, or Zone, under] _ 2 f FG ; : 
: = >< maximum perpendicular on FG X 
the AreaGKFG J a ; pore 


30 = 2 x 93°97 x 6°0 xX 10 = 11276°4 cubic feet. 


Area ELGE = 2 of EG & maximum perpendicular on EG, (p. 61,) 
= £ of 93°97 x 4°6. 


pe re ae aga = 3 of EG X maximum perpendicular on EG X 
e Area 


30 = 2 X 93°97 x 4°6 K 10 = 8645°24 cubic feet. 


From which is obtained the following summary for the dis- 
placement to the immersion A B, or load line of the Van- 
guard. 
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Solid or Zone under the Areas FHG + EHG a = 3771522 
cubic feet . ; " ‘ . 

Solid or Zone avace the Fore Parabolic Area GE FG = 11276-40 
in cubic feet . - J : 


Solid or Zone under the After Parabolic poe + = 8645-24 
ELGE in cubic feet . : 


Divided by 35, the number of 5)57626°86 
cubic feet equal to a Ton. 





7)11527°37 


1646°76 Tons. 
= } Displacement of Vanguard, and 1646°76 x 2 = 3293°52 Tons = 
whole Displacement fo a Draught of Water Afore . . 23:0 ft. 
Aft . . 24:0 


Light Displacement of Vanguard by the Curve of Sectional 
Areas, aud Zone for the Solid to the Draught of Water. 


Afore. . . . = 1625 feet. 
| ne 18°5 ss, 


Half Area of Vertical Section 1. 








20°8 18-2 15:2 9)14°8 = dep 
8 12-0 8-4 —_—_—_— or 
2)21-6 —— 236 =Q — 8 
A 34°38 = P 7_—— 
10°83 = = 2 
69'°6 = 2P 
A 
236 = Q 
ae A 
1040 = 5 +2P+Q 
2” 
164 = 3 
416 
624 
104 4 Area of Vertical 





A 2 Section 1, when 
170°56 = (5 +2P+4 Q) x > = <~ immersed to the 
| Hghe draught of 

water, DC. 
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Half Area of Vertical Section 2. 








25-2 23°4 20°8 9)15-4 = depth. 
8 17°6 18°4 Qr 
_— 8°2 — = 
2)26-°0 —— 34:2 =Q —- 
_— A 492—=—P — 
130= — 2 
—_— 2 arenes 
98°4 = 2P 
A 
13°0 = 5 
384°2 = Q 
nee A 
1456 = 5 +2P4+Q 
2% 
'wT= 3 
10192 
1456 (2 Area of Vertical 
Section 2, when 





light draught of 
water. 





247-62 = (S +2P + Q) x = = | bas to the 


Half Area of Vertical Section 3. 








@ 
25'8 23-6 20°6 9)16 = depth. 
8 17-0 12:0 —— Oy 
= 7:0 — Dr 
2)26°6 82-6 = Q a Ss 
— 476=P —— 
13°3 = — 2 
95:2 = 2P 
A 
13°3 = 3 
32°6 = Q 
ore 
M11l= > +2P+Q 
2r 
18 = z 
11288 
1411 3 Area of Vertical 


Section 3, when 


953-98 = =+ aP+ a) 5= =: ~ immersed to the 
Sansa 





pata pee of 
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99 


Half Area of Vertical Section 4. 


23°2 
16:0 
6°2 


1°82 
2704 
10816 
1352 





246 064 





depth of 
Section. 


1-82 = 27 


20 
11-4 
31:4 = Q 


9)1640 = 





I 
rg 


I} 
eo] S rof > Oro BS 


+2P+Q 


% Area of Vertical 
Section 4, when 


= (; +2P+ @) x2 immersed to the 
2 3 | Hane draught of 


water. 


Half Area of Vertical Section 5. 


17°4 
9°8 
3°4 


——— 








91-6 


1°86 


5496 


7328 
916 


170°876 = (; +2P +Q)x2f= 





9)16-8 = depth. 


297 
1°86 = — 
2 


—_—_—_——— 


136 
6:2 


"19°38 = Q 


A 
= 3 +2P+Q 
2r 


4 Areaof Vertical 
Section 5, when 
immersed to the 
E -1ia4 ? . “- 
water. 


E 2 
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From these half arcas, the eurve N M O of sectional areas, 
forming the representative area for the zone of the half-light 
displacement, is formed in the following manner :—square 
down the points N and O to the line E F, such poimts being 
where the light-water line D C, in the Sheer Plan, Plate D, 
cuts respectively the after edge of the rabbet of the stern post 
and fore edge of the rabbet of the stem, the positions of the 
vertical sections 1, 2, 3, 4, and 5, remaining the same as for 
the load displacement; then, for the representative ordinates 
to the curve of sections to the light displacement at those sta- 
tions, we have the following estimated data :-— 


Distinguishing Half Areas of the Ordinates 
Number of the Vertical Sections Divisor. fer the 
Vertieal Sections. Superficial Fect. Curve. 
1 170 56 ‘ 30 : 5°68 
2 247°52 ; : ‘ : 8°25 
3 253°98 rs ‘ ‘ ‘ 846=Hm 
4 246°06 é é 4 - 8°20 
5 170°37 ‘ . 2 3 5 67 


which ordinates are set of from the base E F, Plate D, on the 
respective statious, as 11’, 22’, 33’, 44’, and 55’, giving the 
points fur the eurve N M O, and the arca N M O bounded by 
that curve and the base NO, part of the base EF. NO, being 
equal to the length of the light-water section C D, is equal by 
measurement to 182°8 ft., of which the fore length HO = 
90:0 ft., whence NH = NO — H O = 1828 ft. — 90 
== 92°8 ft.; and the area N M O, when divided into the four 
portions, the triangle H M O, the triangle H MN, the para- 
bolic area under the hypothenuse M O, and the parabolic area 
under the hypothenuse M N, can be numerically determined as 
follows : — 


OH x MH_ 90 x 8-46 





Area of the Triangle HMO = age eS eg 880°7. 
Solid or Zone under such Area = pas a x 30= oe x 80 


= 11421°0. 
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NH x HM 92°8 x 8-46 





Area of the Triangle HMN = So ag = 392°544, 
9% 4 
Solid or Zone under such Area = sux seen x 30 = 028 > 8 aaa 6 x 30 
= 11776 3. 


Fore Hypothenuse MO = y(OH? + HM?*) = (9.7? + 8-469 = 
(8100 + 71°57) = 817157 = 90-4 feet. 


The Fore Parabolic Area MPOM = 2 of MO X maximum perpendicular 
on MO. (Page 61.) 


Solid or Zone under | = % of MO X maximum perpendicular on MO X 
the Area M POM 30 = 2 of 90°4 X 2°8 & 30 = 5062-4 cubic ft. 


After Hypothenuse MN = y(N1i? + HM) = + (92°37 4+ 8-467) = 
vy (8611 84 + 71°57) = y 8683-41 = 93-2 feet. 


The After Parabolic Area NQ MN = 3 of NM X maximum a perpendicular 
on MN. (Page 61.) 


Sohd or Zone under | = 3 of MN X& maximum perpendicular on MN X 
the Area MQMNJ 30 = 2 of 93°2 ft. xX 26 & 30 = 4846 4 cubic ft. 


Cubic feet of Space. 


Solid or Zone under the Fore ree) 11421°0 
Area HMO 2 ‘ : . 
Solid or Zone under the After Triangular ‘ ine, 
Area HMN &, -ne ; ‘ anette 
Solid or Zone under the Fore Parabolic ‘ 
AraMPON . ‘ - ‘I ee 
Solid or Zone under the After Parabolic ; 
Area NQMN . : ‘ ‘: "} oe 
5)33106-1 
: 7)6621-22 
945°89 = 4 Light 
2 = Displace- 
ment in 


Light Displacement in Tons of Medium 


Water of 85 Cubic Feet to the Ton .S 189178 = Tons. 
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Canopus oF 1786. : 
Load Displacement to a sige anes == 22-0 ft. ‘Plate D. 























of Water of ... : Aft = 24°5 ft. 
Half Mike of Vertical Section 3. 
26-0 256 25-0 12)20°8 = depth. 
-80 24-0 22:8 ay 
—- 20°8 17°6 1 Jee 
2)26-80 12-6 pale 
eee A poner 65°4 = Q 
13-40 = 5 83:0= P = 
aces 2 
"166-0 t— 2 P 
A 
13-4 = 3 
654 = 7 
244-8 = 3 a 2P+Q 
1°73 = ar 
7344 
17136 
2546 r » 4 Area of Vertical 
; «r_ j)Section 3 to the 
428°504 = (= +2P+ Q) x3 - {is of the load- 
water line. 
Half Area of Vertical Section 2. 
25°40 25°C0 24-20 12)20-6 = depth. 
80 23-40 22-20 ox 
—_— 20°20 17°20 1 L7t ce 
2)26-2 12-20 ~ — 3 
oo ee 63°60 =Q 
131 = — 80°80 = P ——- 
Cok te 2 
161°60 =2P 
A 
238°30 = - +2P+4+Q 
gs 
2383 
16681 
sate 4 Area of Vertical 


ee 2r Section 2 to the 
407 es = (5 +2P 4 Q)x= =} depth of the load- 
water line. 
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Half Area of Vertical Section 1. 


22°8 
18°8 
13-4 

5°6 


| 
by 


60°6 
2 


121-2 
12:4 
47°6 

1812 = 


l 
bo 
by 


Lene 


1-7 


12684 
1812 











21-2 
16°6 

9°8 
476=Q 


ee 


12)20-4 


1-7 


== depth. 


| 


+2P+Q 


4 Area of Vertical 


water line. 


2r Section 1 to the 
308'04 = G +2P+ @)x5 - | of the load- 


Half Area of Vertical Section 4. 








25:0 24°2 eee, = depth. 
22-8 20:8 Qo» 
18:0 14:4 1: 15 = == 
9-4 — —— 
_—_ 59-4 = Q 
752=P —_—— 
3 ‘ 
1504=2P 
A ‘ 
13:0 = 5 
59-4=Q 
Foe as A 
222:8 = 3 +2P+Q 
2r 
1-75 = .% 
11140 
15596 
ae x 4 Area of Vertical 
: ame Section 4 to the 
cial as G gars Q)x% * 3 = } depth of the load- 





water line. 
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Half Area of Vertical Section 5. 


23°6 22-8 20-6 12)21-:52 = depth. 
8 15°6 11°4 —- 9, 
—_—— 8:0 5:0 1°83 = > 
2)24-4 2-4 — —— , 
22+ — 48-8 = P — 
Ree, 2 
97°6 = 2P 
A 
12:2 = 3 
37°70 = Q 
te -? ek 
2r 
1 . =F 
11744 
1468 3 Area of the Ver- 





iis ee oe) A or tical Section 5, 
264°24 = G +2P+ 2) <— =< when’ immersed 
2 3 | % the loud-water 

line. 
ft. in. 

From the data given by the foregoing Vertical Arcas, the curve 
of Sectional Areas and Zone for the Load Displacement of >= 22 0 

H.M. Ship Canopus, to the Draught of Water of Afore 

Ditto ° ° e e ° e ° Aft e e ° —= 24 6 


may be formed. 


Distinguishing Half Areas of the Ordinates for 
Number of the Vertical Sections. Divisor. the Curve of 
Vertical Sections. Superficial Feet. Sections. 
1 . . 308-00 . . 30 . . 10°26 
2 : , 407:49 . ° ‘ . ° 13°58 
3 . «4238-5 ele feo 
4 . . 389°9 . . . : ‘ 12:99 
5 . . 264°24 . . ° . ‘ 8°80 


From these ordinates the curve of sectional areas, a, b,c, d,e, 
for the load-displacement can be delineated for the Canopus as 
directed for the formation of a similar curve for the Vanguard ; 
the extremes of the curve being as before, the limits of the 
load-water line of the ship squared down to the baseae. To 
measure the representative area, a, b, c,d, e, f,a; fe being the 
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medial section ; divide it into four portions, the triangles a ¢f 
and fc e, and the parabolic areas contained under the hypo- 
thenuscs, @ c,c e, and the curve. To estimate the numerical 
values of these arcas, we have 


Length of load-water line = 193-2 feet ; 





whence af = fe = : feet = 96°6 feet, and fc, is by calculation equal to 


14-12 feet. 

Area of fore representative triangle cfe =x Se = “oe 
= = = 681-996. 

Solid under such area = ahs x 30 = a x 30 = 
seeeo08 < 30 = 20459-88 cubic feet of space. 


After triangular representative area acf = sfxse solid = EXS 


X 30 = 20459-88 cubic feet of space. 


The hypothenuse ce = ac = (af? + fc*) = y(96°6% + 14°12%) = 
Y (9331°56 + 199°37) = v9530-9 = 97°6 feet. 


Fore parabolic area cdec = ce X % of the maximum perpendicular on ce 
= 976 X $ of 5:4. 


Zone or solid under such area = ce X % of the maximum perpen- 
dicular on ce X 80 = 97°6 & % of 5-4 & 30 = 10540°8 cubic feet of 
space. ‘ 


After parabolic area abca=ac X& % of the maximum perpendicular on ac 
= 97°6 X $ of 4°2. 


Zone or solid under such area = ac X @ of the maximum perpendicular 
onac X 80=97°6 X % of 4:2 XK 30 = 8198-4. 
ft. in. 
From which the half load displacement of Canopus to 
the draught of water of . . ° Afore J 2220 pis as follows. 
Ditto . . . . ° ‘ Aft 24 6 
E3 
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Cubic Feet. 
Solid from the triangles cfe, cfa = 20459°88 x 2 = 40919-76 
? fore parabolic cdec Z ; = 10540°80 
_ after ,, abca F ; = 8198°40 
5)59658-96 
7)119381-79 
Tons. —__—__ 
or 1704°54 = } displacement 1704°54 
5° ree es 


"3409-08 = load displacement of Canopus to Afore 22 ft. 0 in. 
—_— 3 is 5 Aft 24 ft. 6 in. 


Light Displacement of H. M. Ship Canopus by the Curve of 
Sectional Areas and Zone for the solid to the Draught of 
Water, 


ft. in. 
Afore. ‘ P = 14 38 
Aft d : . =18 9 


Half Arca of Vertical Section 1. 





19°6 17°8 15°4 9)13°6 = depth. 
8 12-4 9r4 =. oan 
eee 5:8 cous 11 = = 
2)20°4 248=Q woe: 
re a 
ea oe oaaae 
A 
an 
10 5 
24-3 = Q 
7 A 
107°0 = 3 +2P+Q 
2r 
151 =— 
os 
107 
685 
107 3 Area of the Verti- 





A or cal Section 1, when 
161°57 = ( —~+2P + a)x¥ = ~ immersed to the 

3 depth of the light- 
water immersion. 
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Half Area of Vertical Section 2. 





24-0 23-0 21°6 9)14°2 = depth. 
8 19°6 17-0 ——— oe 
-—- 12:0 —_—_— 1:58 = = 
2)24°8 _— 38°6 = Q ore 
— A 54:6 = P —- 
124 = 3 ; 
109-2 =2P 
A 
38°6 = Q 
ee 
160°2 = 3 +2P+Q 
2r 
7 1°58 = ea 
12816 
8010 
1602 4 Area of the Verti- 
_ A or cal Section 2, when 
253°116 = ( ~ +2P+ @)x - =< jmmersed to the 
3 2 3 | depth of the light- 





\_ water immersion. 


Half Area of Vertical Section 3. 








24:4 24-0 22°6 9)15-00 = depth. 
8 20-6 18-4 —— 9, 
ces 12°6 —- 1-66 = — 
2)25°2 ——. 410=Q nies 3 
114-4 =2P 
12°6 = — 
410=Q 
168°0 = 3 +2P+Q 
2r 
166 = = 
1008 
1008 
168 4 Area ot Vertical 
A or Section 3, when 
278°88 = 3 +2P+ 2) < — = < immersed to the 
—_——. 3 depth of the light- 


water immersion. 
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Half Area of Vertical Section 4. 





24-20 22°3 20°8 9)15°8 = depth, 
8 18-0 14°0 —— OO, 
—_—— 94 —— 176= — 
2)25-0 —- 34:3=Q ates | 
— A 50°2 = P — 
125 = z _ 2 
1004=2P 
A 
12:5 = > 
147-7 = 3 +2P+Q 
2r 
1 OF - 
7385 
10339 
1477 } Area of Vertical 
-—— A Or Section 4, when 
258-475 = G +2P4 2) x— = < immersed to the 
2 8 depth of the light- 


water immersion. 


Half Area of Vertical Section 5. 


19°6 16:0 116 9)16°4 = depth. 
8 8-2 5:0 — or 
ee 2°4 — 1°82 = — 
2)20°4 — 166=Q a 
10°2 = 3 2 
53:2 =2P 
A 
10°2 = m 
166=Q 
rae 
2r 
182 = zr 
160 
640 
80 3 Area of Vertical 





or Section 5, when 


145:60 = G +2P+ 2) x —- = < immersed to the 
2 8 depth of the light- 
; water immersion. 
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From these calculations, the following data is given to form 
a curve of sectional areas for the light displacement of H.M.S. 
Canopus. 
ft. in, 
Toa Dranght of Water of Afore . . - =14 38 
Ditto . . : Aft . . - =18 9 


Distinguishing Half Ares Ordinates for 
Number of the of the Veortieal Divisor. the Curve of 
Vertical Secttons. Sections Sections. 


Superficial Feet. 
° . 161 57 . - 3oO . . 5°38 


»  . BIL 2. 2... 8487 
27888. www DSS 
. 6 «6258470 —C wet té« 

. 6 614560 BS 


Cr wm Oo bD bf 


From these ordinates the curve of sectional areas, g, 4,7, k,m, 
for the light displacement can be formed for the Canopus, as 
shown for the similar curve to the Vanguard ; the extremes of 
the curve g and m being the limits of the light water line, or 
the points where the light-water line cuts the after edge of 
the rabbet of the post, and the fore edge of the rabbet of the 
stem, squared down to the base,ac. To measure the repre- 
s2tative arca, g, h, 7, k, m, g, and thence the zone for the light 
displacement, join g and ¢, and m and ¢; which will divide the 
ara, g, h, 7, k, m,g, into two triangles, fim and £7 g, together 
with the parabolic areas, 7k mdzandihg i, being the areas 
contained under the hypothenuses, 7 m, gz, and the curve 
9, &, 0, k, m. 


To estimate the numerical values of these areas, we have 


Jm by measurement = 94 0 ft., and fg = 96:2 fect, and fi by calculation 
= 9°29 feet. 


f th ; 4-0 "29 
Whence Area o e site Pies ies fm x ft = 94°0 x 9-29 = 436°63 


Representative Triangle 2 2 
, , ; ; 
i cal me) = im X FEY gq _ 940 X 9°29 | 59 _ 13008-9 
Area . . 9 : 2 
Area of the After Repre-) .. fg Xfi 962 x 9°29 
sentative Triangle ‘ ; fig = 7 eam a aaa Vaca ces 446-849 
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Solid under that Area = 
18405°47 cubic feet. 


The Hypothenuse tm = VY (fm? + fi) = y (24% + 9°29%) = 
v/ (8836 + 86°30) = «789223 = 94:50 feet. 


: . —9 
10. #8 49 BBX 989 5 5g 0 


Fore Parabolic Area tkmi = im X % of the maximum perpendicular 


on tn. 


Zone or Solid under such Area = im X g of the maximum perpendicular 
onim X 30=im X § of 2°2 x 80 = 94:5 x 44 = 4158°0. 


The Hypothenuse gi = ¥ (fg? + fi) = vy (96:2? + 9:29%) = 
vy (9254-44 + 86°30) = 9340-74 = 96°6 feet. 


After Parabolic Area ghig = gt xX 2 of the maximum perpendicular 
on gt. 


Zone or Solid under such Area = git X #4 of the maximum perpendicular 
on gz X 80 = 96°6 X 2 of 2°0 ft. x 30 = 3864°0 feet. 


From which data the half-light Displacement of the Canopus 
is as follows :— 


Cubic feet of space. 


Solid from the Triangle fim = 13098°9 
Ditto . ‘ . . fig = 1340547 
Solid under the Fore Parabolic = 4158-00 P 
Area tkmi . : ‘ 
Solid under the After Parabolic = 3864-00 
Area ghig . , . 
5)34526°37 
7)6905°27 
986°46 
2 


1972°92 = Light Displacement 
of Canopus in Tons. 
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Her Magsesty’s SHip VANGUARD. 


Load Displacement to the Constructor’s ft. in. Tons. 
Draught of Water of Afore ; - 23 of (P. 97) = 3293°52 
Ditto . ‘ ‘ Aft . . . 24 0 


Light Displacement to the Draught o 


Water of Afore. ; ; ‘ - 16° 8 (P.101) = 1891-78 
Ditto. . Aft. ‘ . 5 . 18 6 


Difference . Z ;. : 1401-74 


Giving the Capacity of the Vanguard for carrying Stores, Armament, &c., as 
equal to 1401-74 tons. 


Her Maszsty’s Suir Canopus. 


Load Displacement to the Constructor’s ft. in. Tons. 
Draught of Water of Afore . . 22 QO (P. 106) = 3409-08 
Ditto . ° : Aft é . 24 6 
Light Displacement to the Draught of 
Water of Afore ‘ : ‘ . 14° 8 | (P. 110) = 197292 
Ditto. . Aft. , 3 : - 18 99 
Difference. : : “ 1436-16 


Giving the Capacity of the Canopus for carrying Stores, Armament, &c., 
as being equal to 1436°16 tons. 


: Tons. 
Capacity of the Canopus for carrying her Equipments = 1436-16 


Capacity of the Vanguard for carrying her Equipments = 1401°74 
Difference . . . ° 34:42 


From which result it may with justice be asserted that Her 
Majesty's Ship Vanguard must, under the same stowage as the 
French Canopus (a smaller man-of-war in tonnage), and with 
corresponding weights, have been deficient of the required 


buoyancy by at the least 270 tons, or the immersion of nearly 
12 in. bodily. 
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PART XVIII. 


Application of the Curve of Sectional Areas to the Stowage of the Hold of 
H. M. Ship Canopus, with Reference to the Directions given at page 21 
of this work. 


THE area contained between the curve a, 6, c, d, e, (Plate D,) 
for tic load displacement of the Canopus, and the curve 
9g, %, 7k, m, for the light displacement of the same vessel, 
will be a representative areca of the solid of displacement’ 
between those immersicns of the ship, or be descriptive of the 
sum of the weights that will be equivalent to the upward 
pressure of the water between those two lines of floatation, 
and each portion of the area will denote the relative buoyancy 
of the body at that particular division or compartment of it. 
As an cxample— 

Take the portion contained between the ordinates fc and 
zwof the curve of sections for the Canopus, (Plate D,) and 
the weight that would be equivalent to the upward pressure 
of the fluid at that compartment of the body may be deter- 
mined as follows :— 

See, also, for the values of fc, £1, 2 w, and z #, the calcu- 
lations at pages 104 and 109. 

By measurement, fe = 14°12 ft., and fi = 9°29 ft., and fe 
— ft =c?, is equal to the ordinate representative of the 
area 20 pq of tlie sheer plan of the Canopus, (Plate D,) or 
fe— ft =ci by substitution = 1412 ft. — 9:29 ft. = 
4°83 ft. 

By measurement, z w = 13:0 ft. and zz = 8:6 f{t., whence 
2wOW— 22 = 2w equals the ordinate representative of the 
area r stvof the sheer plan (Plate D); or zw — z2#=-a2w, 
equals by substitution 13 0 ft. — 8-6 ft. = 4-4 ft. ; 

the difference ct == 4°83 ft. 
the difference 2 w = 4°4 ft. 


Sum = 9-23, which, divided by 2, gives 
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4°61 ft. as the mean breadth of the representative area for the 
compartment ¢ é¢ 2 2#; the length between e 7 and w 2, or the 
length of the representative arca for the compartment cz w@ @ 
== 19-2 ft., whence the area cz w 2, which is equal to the 
length multiplied by the breadth, equals 19-2 ft. x 4°61 ft. = 
88°512 superficial fect; and the zone or solid to that area = 
88°512 x 80 = 2655°36 enbic feet of space, which, divided 
by 35, as the number of cubic feet of space due to a ton of 
medium water, gives 
5)2655°36 


7)531-072 


75°867 = 4 displacement of the 
compartment cz wz in tons, and 151°73 tons equals the whole 
displacement due to the portion of the inmmcrsed body situated 
in that compartment between the light and load draught of 
water. The same reasouing and similar calculations apply to 
the other portions of the body of the ship 
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PART XIX. 


pdx 

D 
parative Stability or Stiffness of Floating Bodies, more usually denomi- 
nated the Height of the Metacentre above the Centre of Gravity of 
Displacement of the immersed Portion of the Body. 


as being a Measure of com- 





A Demonstration of the Expression = f 


Fig. 16. 
M 


a “the body 

As an exam 
Take the 

zw of 

the we 





H 


In mechanics, the removal in space of one or more bodies of 
a system js followed by a corresponding movement in the mass, 
or that the moment arising from the movement of a portion of 
the system will be followed by a proportionate moment of the 
whole. From this fundamental axiom of mechanics the follow- 
yada 
D 
In Fig. 16, A C H BD is the representative vertical and 
athwartship section of a floating body passing through the 
centre of gravity G of displacement of the whole immersed 
body. H M being the middle line of such section, or the 
common section of the plan A C H B D, with a longitudinal 
and vertical plane passing through the middle of the body. 
A B is the line of deepest immersion, or the load-waiter line. 


ing demonstration of the expression 2 / has been obtained. 
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Let the section assume the infinitely small inclined position 
which would make C D dip below the surface of the water, 
the form of the section or body being such that the point E 
will remain unmoved, for the area A L C to be equal to the 
area D E B; then, if the centre of gravity of the upright 
immersion, A H B, be supposed to be situated at G, the cen- 
tre of gravity of the inclined immersion will be at some point 
F; and if through the point F, when the position of it is 
determined, a line, F m, be drawn perpendicular to the line 
C D, the assumed line in which the surface of the water cuts 
the section, A C H B D, under its inclined position, and this 
line F m, be produced to cut the middle line, H m, of the 
upright position of the section A C H BD in the point m, that 
point, m, is the point termed the metacentric point to the 
assumed inclination. 

On the supposition that the angle of inclination, A E C or 
D E B, represented by $, be very small, the sides A E, E C, 
E D, and E B of the triangles, A E C, D E B, of the elemen- 
tary prisms may be considered to be cqual, and the centre of 
gravity of each may be assumed to be respectively 3 of AE 
and E D from the point E, under which assumption A C or 
D B, the base of the triangles A E C, B E D, will be equal to 
AE x sin. 6, 


for EA: AC =r: sin. 6, where if r = radius unity, 


AE x sin. 6 
AC=-~~ "AE x sin. 6 


AE XAC 








and the area A EC or DE B is equal to » Which by 


substituting in it for A C, its value in terms of A E, will become 
AE x AE ~ sin. 6, 
a 
elementary prism = d a, and the displacement be represented 
by D, and AE =~ EB =CE = ED = y, then the area A EC, 


and if the differential of the length of the 


ee 
or DEB= ELE and the differential of the prismatic solid 


—_ ¥ X sin. 9x da 


3 , and the centres of gravity of the triangles 
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A EC, D EB are respectively $ of E A and E D, or $ y from 
the point E, thence the horizontal moment from E of the 
differential of the prismatic solid, A E C, will be equal to 

y? X sin. 6 xX dz 2y _ y? X sin. dx dz 

2 3 3 : 

and the horizontal moment also from E of the differential of 
y® x sin. 0x da, 
oS 
whence % y° sin. 8 x dx will be the sum of the moments of 
the elementary prisms, immersed and emerged, or the moment 
that would arise, from the transfer of the elementary prismatic 
solid, A E C, considered as being concentrated in its centre of 
gravity, K, to the point L, the position of the centre of gravity 
of the prismatic solid, D EB; which moment would produce 
@ corresponding proportional moment in the mass D, or dis- 
placement, supposed to be concentrated in its centre of gravity 
G, and which was assumed as being equal to GF. Equating 
these moments, we have 


Dx GF=4/fy/ x sin. dz, 


the prismatic solid D E B will be equal to 


y X sin. dX dz. 

whence GF Fee ; 
but mG: GF = radius: sin. 9, the angle G m F being ne- 
cessarily equal to the angle A E C, or D E B, and thence 


= 9 from the lines, Gm and F m being severally perpendi- 








cular to A B and C D; hence, mG = ae = GF divided 
: _ 2fy x sin. 6 x dz 1 2fy x dz, 
Dyno. sf gine = J LE; 


which determines the height of the metacentric point, m, above 
the centre of gravity, G, of the displacement. 
3 

Z — or the height of the metacentre 
above the centre of gravity of the displacement, is a measure 
of the stability, or of the comparative stability, of two vessels, 
under the restriction of the inclination, being evanescent or 
vanishing ; hence forming a practical guide only for the com- 


The expression 3 / 
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parison of vessels whose forms, from inspection, are such as 
to insure permanent stability. The calculations required to 
determine the stability of a floating body at finite angles of 
inclination are much more tedious, and the rules for them 
involve a larger portion of mathematical knowledge than a 
novice may possess ; but as these calculations test an important 
property of a naval construction —the equality of the volumes 
of immersion and emersion of the body under finite or practi- 
cal inclinations, it would be better, in this rudimentary work, 
to have done some little beyond the boy’s “first book,” than 
to leave this element without investigation and deduction, the 
more especially so, from a knowledge, by past proofs, that an 
erroneous conception of this elementary feature of a naval 
construction is too well calculated to involve the naval em- 
pirical constructor in errors that would render the ships de- 
signed by him when considered as floating batteries, very in- 
efficient, from their uneasy movements in a sea way, which 
uneasiness would be alone produced by a disregard of the 
effects that arise to the construction by the inequalities of the 
volumes of immersion and emersion. Being anxious to be 
ciear in the definition of this matter, let it be understood, 
that the volume of immersion means that part of the body 
of the ship immediately above the surface of the water before 
inclination, and which is forced into the fluid by the inclining 
power of the sails; and that the volume of emersion is that 
por:ion of the body of the ship which leaves the water on 
the inclination bemg given to her. With these points defined, 
and under the consideration that the vessel moves round her 
common centre of gravity, not as a fixed point, but @ movable 
one, and that the ship, while undcr canvas and the consequent 
inclination, cannot, from such inclination, be made to increase 
her displacement or total weight, the actual stabilities of the 
two ships, Canopus and Vanguard, will be deduced from the 
expression and form of calculations that follow. 
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PART XX. 


Investigation of a General Expression for the Stability of a Ship at Finite 
Angles of Inclination, and the Application of the Results to calculating 
the Stability of H. M.S. Vanguard and Canopus, at an Angle of Seven 
Degrees. 


StaBiLtiry at Frnitr ANGLES or INCLINATION. 


Fic. 17. 





R 


Let A R B be the midship section of a ship immersed to the 
line A B, and Ict the ship be so inclined as to make the line 
C D the upper line of immersion or the surface of the water, 
L being the point of intersection of the lines A B and CD; 
this‘ assumed inclination of the ship, which is represented 
by the midship section C R D, will cause an alteration 
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in the immersed volume A R B, which will, under the inclina- 
tion, become C RD, and the volume represented by C R D 
will be equal to that represented by A R B, the weight of the 
ship being the same under both positions. By this movement 
the prismatic solid, represented by A LC, which call P, will 
be immersed from the displacement A R B, and the prismatic 
solid D L. B, which call Q, will be emerged to form the dis- 
placement C R D; under which considerations the form of 
the ship, immediately above and below the surface of the 
water, A B, when the vessel is upright, will materially affect 
the motion of the ship in a sea-way ; for if the portion of the 
body which is immersed by inclination, as represented by 
A L C, becomes, from the form of the sides, larger than 
D LB, which is emerged, the whole body or displacement 
remaining the same, which it necessarily must, the weights 
being unaltered, it follows that there must be a constant rising 
of the body during the inclination produced by rolling, and a 
similar falling on her return to the upright position; and 
further, if the centre of gravity of these necessarily equal 
portions, viz. the volumes, immersions and emersions, should 
not be in the same vertical plane with each other, further de- 
fect would arise, viz. that, on the inclination of the vessel, the 
head of her would be elevated or depressed, according as the 
centre of gravity of the immersed prism was abaft or before 
the centre of gravity of the emersed prism; the question 
then resolving itself into the case of increased or decreased im- 
mersions about the longitudinal axis of the vessel. Assuming 
the solids of immersion and emersion to be represented by P 
and Q, and that they be considered as concentrated in their 
respective centres of gravity P and Q, let the horizontal dis- 
tance between the centres P and Q be taken as (b): then the 
moment that will arise, from the change of the immersed body 
A 8B, to that of the immersed body C R D, which would 
cause the transfer of the prism A L C, concentrated in P, to a 
similar and equal prism D L B, concentrated at Q, will.be 
denoted by the product of P or Q into the distance P Q; or, by 
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substitution, P x P Q will be equal to b x P, which moment 
of the part A LC of the immersed body will produce an equi- 
valent movement on tle whole mass or solid A R B. 

Let G (figure annexed) represent the position of the centre 
of gravity of the whole mass, or the ship with all her weights; 
F the position of the centre of gravity of the displacement, re- 
presented by A RB, the ship being apriglt; K the position 
of the centre of gravity of displacement, when the vessel is so 
inclined that the surface of the water coincides with C D, or 
when C RD represents the immersed body ; from K draw KO 
perpendicular to C D, meeting R O, the vertical middle line of 
the body in some point O, from which construction of the 
figure the line K O on the proposed inclination of the ship 
would become vertical from the points E and F, the assumed 
posiious of the centres of giavity of the ship and her dis- 
placement; draw the lines G E and FH perpendicular to K O, 
and thence parallel to C D, or the surface of the water when 
tthe ship is inclined, and through G draw GI parallel to K O, 
cutting F H in the point I. Upon the ship taking the in- 
clined position C R D, the point K becomes the assumed situa- 
tion of the centre of gravity of the immersed body C RD, or 
the displacement, and the upward pressure of the water 
equivalent in force to the weight of the displacement repre- 
sented by D may be suppo-ed to act in the vertical line K O, 
to restore the ship to the upright position A R B, round the 
axis of the rotation G, the centre of gravity of the vessel ; 
which effort can be measured by the property of the lever, by 
drawing a perpendicular from the centre of motion, or G, to 
the direction of the force K O, which by the construction of 
the figure is GE, whence the effort exerted by the displace- 
ment D, to restore the ship to the upright position A R B, will 
be represented by the product arisjng from multiplying the 
displacement by the perpendicular from the centre of motion 
on K O, the direction of the restoring force; or the effort of 
stability =< displacement multiplied by GE = D x GE. 
But by the construction of the figure, D x GE =D xX 
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IH, GIH8H E being a parallclogram, or the effort of stability « 
=DxIH=D x (FH —FijasIH=>=FH —FI, 
whence effort of stability = D x GE=D xX (FH — FI), 
in the which O K has been assumed as the vertical direction 
of the upward pressure of the fluid passing through the cen- 
tre of gravity of displacement. After the inclination of the 
vessel, it follows that D x FH will be equal to the hori- 
zontal moment of the displacement, produced by the change 
of position of the immersion A R B to that of CR D; and it 
is thence equal to the horizontal moment expressed by J P, 
and the effort to restore the vessel to the upright position, or 
the moment of stability as it is termed, will thence give the 
equation of D x GE = D x (F H — F 1) or, by substitution, 

=Dx FH —D x FI 

=6 P—D x FI, and the sine of the 
angle of inclination A LC, or DL BR, being denoted by s3 and 
G F the distance between the centres of gravity of the ship, 
and the displacement being expressed by J), the value of 
F I may be determined, as F G: F I = rad. : s, whenee 
taking rad. as unitv FG: FI = 1:58, or FI=>=FQG@x s = 
Ds, and the expression for the stability under the inclination 
of the angle A LC, or DL B, becomes D xX GE = bP — 


D Ds, whence G E= — — Ds. 


PART XXI. 


The Volumes of Immersion and Emersion of H. M. Ships Vanguard and 
Canopus, calculated to an Angle of 7°.—Concluding Remarks and Obser- 


vations. 


THE VoLUMES OF IMMERSION AND EMERSION OF H.M. Suipv 
VANGUARD, WHEN INCLINED TO AN ANGLE OF SEVEN 
DEGREES FROM THE UPRIGHT.—PLATE F. 


IMMERSION. 


Vertical Section 2. 


Half-breadth  . - = 25°9 
Perpendicular. = 2 


——— 


Divided by 2)51°8 


Area of ae = 25°90 ft. 


of Immersion 


Vertical Section 3. 


Half-breadth . - = 28°4 
Perpendicular. - = 21 
284 
568 


Divided by 2)59-64 





Area of Triangle == 29°82 ft, 


of Immersion 





EMERSION. 


Vertical Section 2. 


Half-breadth  . - = 25:9 
Perpendicular . - = 19 
2331 
259 


———, 


Divided by 2)49°21 


———e 


= 24°60 ft. 


———— 


Area of Triangle 
ef Emersion 


Vertical Section 3. 


Halfbreadth . = 28°2 
Perpendicular . ~ = 2:05 
1410 
5640 


Divided by 2)57-810 


ls ome 


= 28°905 ft. 


Area of Triangle 
of Emersion 
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IMMERSION. 


Vertical Section 4. 


Half-breadth . - = 28°4 

Perpendicular . ~- = 2°16 
1704 
284 
568 


Divided by 2)61-344 


== 80°67 ft. 


ee 


Area of Triangle 
of Immersion 


Vertical Section 5. 


Half-breadth . - = 27-3 
Perpendicular = 21 
278 
556 





Divided by 2)58°38 


—— 


Area of eae | = 29°19 ft. 


of Immersion 





Vertical Section 6. 


Half-breadth 
Perpendicular 


Hi 
bo 
ut 
a 


Divided by 2)51-20 
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EMERSION. 

Vertical Section 4. 
Half-breadth - = 282 
Perpendicular . - = 215 

1410 
282 
564 


Divided by 2)60°630 


Area of Triangle = $0°315 ft 
of Emersion 


Vertical Section 5. 


' Half-breadth . ~ = 274 
Perpendicular . - = %18 
2192 
274 


Divided by 2)49-32 


——aaree 


= 24°66 ft. 


Seamed 


Area of Triangle 
of Emersion 


Vertical Section 6. 


Half-brendth = 24:0 

Perpendicular zz 1°7 
168 
24 


eee 


= 25:60 ft. 


Area of Triang'e 
of Immersion 


Divided by 2)40°8 


ed 


Area of ee = 20-4 ft. 


of Emersion 

The triangular portions at the extremities of the load-water 

section consequent upon the inclination give the contents of 

‘1 of a foot for each, and thus seven areas are formed for esti- 
F 2 
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mating the solids of immersion and emersion to an angle of 
seven degrees. 


VANGUARD. 


Immersion to Seven Degrees Inclination. 


Distinguish- Contents Multipliers Multiples 

ing Number of the by the for the 

of the Areas. Areas. First Rule. Solid. 
1. 10—; i , 05 
2 25°90 . 2 A 51°80 
3 29°82 ‘ 1 ‘ 29°82 
4 30°67 : 2 ° 61°34 
ss) 29°19 : 1 ° 29°19 
6 25°60 ° 2 51°20 
7 10. } : 05 


a CK 
223-45 = 5 ala 


of the formula. 





The distance between the arcas is equal to 31:0 ft., whence 
r == 31 ft., which, substituted in the formula for the solid, 


=(5 +2P + a) Xx > to sum these areas, gives 223°45 x 
G2 13853°9 
z= 3 
solid of immersion, according to the lines of inclination on the 
draught when the ship is inclined to an angle of seven degrees 
from the upright position. 


=: 4617°96 cubic feet for the contents of the 


VANGUARD. 


Emersion to Seven Degrees Inclination. 


Distinguish- Contents Multipliers Multiples 

ing Number of the by the for the 

of the Areas, Areas. First Rule. Solid. 
1 e e 10 e e 4 e « 7 
2 . A 24°60 , j 2 . ° 49-20 
38 ° ° 28:90 ° . 1 . . 28°90 
4 ¢ 30°31 F ° 2 . : 60 62 
5 ° ‘ 24°66 ° ° 1 ° “ 24°66 
6 . ‘ 20°40 . < 2 ‘ - 40°80 
y ( e e 10 e ry 4 e e 05 





204°28 
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The distance between the areas as before for the immersion 
is equal to 31:0 ft., whence 7 = 31-0 ft., and the formula 


for the solid = =} +2P+4 atx 2 a 3 gives 204°28 xX 62 


3 
pee 36 _ 4921-786 cubic feet for the contents of the solid 


emerged, when the ship is inclined to an angle of seven degrees 
from the upright position, according to the inclined lines on 
the drawing, Plate F. From these calculations, viz.— 


Cubic feet. 
The solid of immersion to 7° = 4617:96 
The solid of emersion ,, = 4221°78 


Whence the difference = 39618 


or that the total displacement would, under such an inclina- 
tion, be increased by 396°18 cubic feet ; but as the total volume 
immersed remains the same, and the ship does not move round 
a fixed axis, it follows that the tendencv to increase the vo- 
lume immersed by the excess of the immersed solid over the 
emerged, or the solid denoted by 396°18 cubic feet, will cause 
@ rising in the whole mass, and in a sea~way where the 
rolling is made up of a succession of these inclinations, the 
reverse or a falling of the mass will take place, cach time that 
the ship is passing to the upright position; the inclination 
having been assumed at 7°, the difference of the solids is 
nearly at the minimum, and at higher angles of rolling this 
effect would be found to be of a much greater magnitude, and 
the uneasy motion of the Vanguard in a sea-way may with 
justice be partly attributed to a disregard of this necessary ad- 
-Justment of the form of the ship, immediately above and below 
the seat of watcr or the load-water line. 
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Tor Votumes oF IMMERSION AND Emersion or H. M. Snip 
CaNoPUs, WHEN INCLINED TO AN ANGLE OF SEVEN DEGREES 


FROM THE UPRIGHT.—PLaTsE F. 


IMMERSION. 


Vertical Section 2. 


Half-breadth . = 246 
Perpendicular -= 119 
2214 
246 





Divided by 2)46°74 
Area of Triangle 
of Immersion 


Vertical Section 3. 


Half-breadth . 26:0 
Perpendicular 2:0 


——ee 


Divided by 2)52°0 
Area of ae 


Nit 


of Emersion 


ee 


Vertical Section 4. 


Half-breadth - = 26°38 
Perpendicular . -= 21 
: 263 

526 


Divided by 2)55°28 
Area of Triangle 
of Immersion 


f 


== 23:37 ft. 


= 26°0 ft. 


= 27°61 ft. 


EMERSION. 


Vertical Section 2. 


Half-breadth . = 24°6 
Perpendicular ~-= 18 
1968 
246 


Divided by 2)44°28 
Area of Triangle 
of Emersion 


Vertical Section 3. 


Half-breadth = 260 
Perpendicular = 1-9 
284 
26 


Divided by 2)49°4 
Area of Triangle 
of Emersion 


Vertical Section 4. 


Half-breadth ‘ . = 263 
Perpendicular = 2] 
268 
526 


Divided by 2)55-28 


Area of Triangle 
of Kmersion 


= 22°14 ft. 


= 24°7 ft. 


= 27°61 ft. 
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IMMERSION. 


Vertical Section 5. 


Half-breadth . - = 246 
Perpendicular . -= i1°9 


et 


2214 
246 


Divided by 2)46°74 


Area of Triangle 


of Immersion 


——— 


Vertical Section 6. 


Half-breadth = 23°8 
Perpendicular - = 418 
1904 
238 


Divided by 2)42°84 


ee 23°37 ft. 


EMERSION. 


Vertical Section 5. 


Half-breadth . - = 246 
Perpendicular . -= 19 


2214 
246 


Divided by 2)46°74 


Area of Triangle 
of Emersion 


Vertical Section 6. 


Half-breadth . - = 23'8 
Perpendicular . -= 18 
1904 
238 


Divided by 2)42°84 


"(427 


ft. 


Area of Triangle 


of Immersion = 21°42 ft. 


ANE Himerniow {= 2142 fe 
The triangular portions at the extremities of the load-water 
section, as in the Vanguard, on calculation, give *1 of a foot for 
each when, as in the case of that ship, seven areas have been 
calculated ; which areas, when placed in Stirling’s Rule for the 
~ estimating a solid, will give the solids of immersion and emer- 
sion to an angle of seven degrecs. 


Canopus. 
Immersion to Seven Degrees Inclination. 


Distinguish- Contents Multipliers Multiples 
ing Number of the by the for the 
of the Areas. Areas. First Rule. Solid. 
1 ‘10 h 05. 
2 23°37 2 46°74 
8 26°00 1 26°00 
4 27°61 2 55°22 
5 23°37 ‘ 1 23°37 
6 21°42 . 2 42°84 
7 10 . 43 -05 





194-27 us = +2P4Q 
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and the distance between the areas is equal to 32°5 ft. = 7; 
which values being substituted in the formula for the solid of 


eg. - 
($+ 2P+ Q) x of gives 194-27 feet x a 55 es 


4209°18 cubic feet for the contents of the solid of immersion, 
according to the lines of inclination on the draught when the 
ship is inclined to an angle of seven degrees from the upright 


position. 
CANOPUS., 


Emersion to Seven Degrees Inclination. 


Distincuish- Contents Multipliers Mulliples 

ing Number of the by the for the 

of the Areas. Areas. First Rule. Solid. 
1. 010 . 32 : "05 
2 Z 22°14 ° 2 ; 44-28 
3 ‘ 24-70 r 1 é 24°70 
4 é 27°61 és 2 : 55°22 
5 ‘ 23°37 . 1 ; 23°37 
6 2142 . 2 . 42:84 
7 10 4 s "05 





190°51 = ; +2P+Q 





the distance between the areas as before = 32°5 feet = 1; 
whence the solid of emersion=( + +2 P+Q) x = 190°51 
65 12383°15 


3 3 
From which calculations, viz.— 


== 4127-71 cubie fect. 





The solid of immersion to seven degrees = 4209-18 Cubic feet. 
The solid of emersion . ‘ : - = 4127-71 i 


Difference == 81°47 Cubic feet. 





The difference that was found between the solids of immer- 
sion and emersion in H. M. Ship Vanguard, under the same 
inclination, seven degrees, was 396-18 ft., or nearly five times 
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the amount of that in the Canopus, and thence is developed 
one cause of the easicr motions of the latter ship in a sea- 
way. 

The positions of the centres of gravity of the volumes im- 
mersed and emerged, with respect to the longitudinal axes of 
the ship, may be determined by the areas already calculated, 
the moments of them may be obtained as described for the 
centre of gravity of displacement, and summed by Stirling's 
Rules (p. 43); and should these centres not be found in the 
same vertical athwartship plane, there will ensue, on inclina- 
tion, a depression or elevation of the bow, according as the 
position of the centre of gravity of the immersions of the 
body is abaft or before that of the emersions, and it need not 
be dwelt much upon, when their being in the same vertical and 
athwartship plane is insisted on. 

The solids of immersion and emersion having thus been cal- 
culated and contrasted, an adjustment of the form must take 
place, or the position of the point S, Plate F, where the in- 
clined line denoting the surface of the water on inclination cuts 
the line denoting the upright position of the ship, must be 
changed until these volumes become equal. 

When this has been effected, find the distance of the centre 
of gravity of each of the triangles of immersion, as S #7, from 
the point S, by bisecting 7 v in w, joining S and w, and taking 
% of Sw from S or Sg, giving the point g as the centre of 
gravity of Sr v, the moment of the area S 7 v from S will thence 
be equal to Srv x Sq; and if the moment of each triangle 
of immersion from the point S be calculated in a similar man- 
ner, and these results be placed in the rule as described (p. 43), 
for the displacement, the multiple of the sum of the moments 
of the immersed areas from the point S will be determined ; 
and this result, being divided by the corresponding multiple for 
the solid, will give the distance of the centre of gravity of the 
immersions from 8. 


The centre of gravity of the emerged portion of the body 


130 RUDIMENTARY NAVAL ARCHITECTURE. 


may be obtained in the same way, and the horizontal distance 
between these centres of immersion and emersion will give the 
portion b of the expression, for the measures of stability, (6 I— 
D Ds,) as being the horizontal distance between the centres of 
gravity of the two solids; and half the sum of the solids of 
immersion and emersion will be equal to I of the same expres- 
sion, whence the product of the horizontal distance that the 
centres of gravity of immersion and emersion are apart, and 
the half sum of the solids will give 61, or the positive part 
of the expression, for the moment of stability; of the negative 
part of the expression, (D Ds,) D is known from previous 
calculations, being the total volume immersed; s = sine of 
inclination also given, and Y must be assumed, being the dis- 
tance between the centre of gravity of displacement which is 
known, and the centre of the ship which can only be approxi- 
mated to.* 

The value of the positive part of the expression, 6 I, being 
reduced by the value of the negative part of the same, D Ds 
will give the value of the expression for the measure of the 
stability at the given angle of inclination. These calculations 
would have been continued out, but were considered lengthy 
for this small work ; enough has becn done, it is frusted, to 
enable the student to follow out the system, as the practical 
operations are strictly similar to those used for the development 
of the elements of the displacement. 

In calculating the displacement from the building draught, 
the displacement to the outside of the plank will be closely 
approximated to; if the moulded displacement be calculated, 
from the drawing to a draught water, less than the proposed 
load immersion by the thickness of the plank of the bottom, 
as the result or moulded displacement will form the basis of a 
proportion to give the displacement to the outside of the plank, 


* By the ship is meant the whole mass, viz. Hull, Stores, and Equip- 
ments. 
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as similar solids are to each other as the cubes of any one of 
their. dimensions ; hence, 

Moulded displacement will be to the required displacement 
as the cube of the moulded breadth, to the cube of the breadth 
with the plank on; in which proportion three terms are known, 
whence the fourth can be easily determined. 

Much might be advanced with reference to the proportion 
that should be maintained between the lengths and breadths of 
ships, but in this foundation, as it were, of the superstructure, 
there are so many variations to be deduced from practice, all 
equally good, that it would be highly empirical, and still more 
unscientific, if it were attempted to set up a standard measure 
in this matter; but one point in forming a construction for war 
purposes should never be lost sight of by the naval architect 
—that the ship of war is intended as a floating battery, and 
that for efficiency the platform should afford unconfined space 
for the required movements of the guns mounted on it. 
With this fundamental axiom in view, the armament of the 
ship should be the first consideration, and the platform or deck 
for the evolutions of that armament should be described under 
the maximum positions of recoil and training of the guns that 
the naval artillerist may deem necessary for the full effect of 
the battery. Then let the naval architect give to this plat- 
form—for an effective training and fighting battery—a substra- - 
tum or displacement that will ensure to it the power of floating 
at the required height above the line of deepest immersion, or 
the load-water line. 

The form to be given to that displacement, or to the ship, 
Practice, and its adjunct, Theory, (based on a well-digested 
system of practical] results and facts,) must be made the means 
by which the desirable end may be accomplished—the perfect- 
ing of a “System of Naval Construction.” ° 

The calculations on the immersed portions of a ship have 
been given in detail, and the young naval architect has been 
thence furnished with the means of testing the ships of the 
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former and the present times, by comparing the essential ele- 
ments of them, under a form that is novel and comprehensive: 
There has been no attempt in this rudimentary work to lay 
down laws for the construction of ships, no empirical stalking- 
horse has been set forth on a subject that requires the deepest 
thought and.the greatest care, to prevent great and unneces- 
sary National expenditure, and to avert the vexatious disap- 
pointments, which must ever attend on the faulty construction 
of our ships of war. And, in conclusion, should-this outline 
of the most important branch of knowledge to Great Britain 
be the forerunner of larger and more useful works on the 
same subject, it is earnestly hoped that the present one may 
be found a safe and useful auxiliary to them. 
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RUDIMENTARY TREATISE 


SHIP BUILDING. 


PART TI. 


Introductory Remarks and Description of the Principal Drawing of the 
Ship, and the Technical Terms for the Lines depicted on it. 


Tr is to be doubted to whom the most credit pertains—to the 
savage who hollowed out the trunk of a tree to enable him to 
ensnare the finny tribe, or to the skilled artisan that has raised, 
piece by piece, the vast fabric which at length presents to the 
wondering gaze of the uninitiated that most complicated of all 
machines, a first-rate man-of-war; destined to carry weal or 
woe to all quarters of the globe. The formation of the canoe, 
would be to those who are cunning craftsmen in the trade, as 
the puny effort of the school-boy with his knife to form the 
model boat to carry the paper sail; and a description of the 
process by which the bark of the juvenile was formed to cleave 
the miniature waves of the mill-pond, would be, by such adepts 
in their art, received with smiles or contempt. The object of 
the present rudimentary treatise is to lead the boy from the 
architecture of the pond to that of the ocean; to place in 
his hands, in a simple and perspicuous style, the transi- 
tion from the use of the knife in forming the boat, to the 
results arising from the skilful use of tools in shaping vast 
loads of rough logs or trees into the ship for War or Com- 
B 
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merce. It should first be premised, that the ship does not 
swim because she is built of wood. Some woods are heavier 
than water, and sink when immersed in that fluid, the 
same as would iron. ‘That the materials of which these 
floating locomotive machines may be constructed is irrespective 
of the property of most woods—that of swimming in water, 
may be inferred from the wonders of the present day, 
when ships may be found formed of iron that swim as 
buoyantly as those composed of wood, nay, more so; and 
they not only swim, but they have traversed the trackless 
road of the ocean, and have sailed round the world. 
That the materials to form a floating body are not of neces- 
sity required to be lightcr than the water it is to float in, 
may be exemplified by the satisfactory and easily-practised 
experiment of making onc cup of a tea-set swim within the 
other. In what then consists this property, as it were, of 
keeping its head above water? It is that of giving to the part 
of the body which is intended to go under water, a bulk or size 
that will make a cavity in the fluid, when the body is placed 
in it, that would contain a mass of the water equal in weight 
to the weight of the immersed and emerged portions of the 
structure. ‘Thus, in the case af the two tea-cups, the thin 
lamina of clay that forms the floating cup—the outside that is 
immersed and the inside that is preserved from immersion by 
that lamina—would sink if formed into a solid square mass: the 
extended surface given to it makes a small immersion of it in 
the fluid, displace or put out of its place a body of the fluid 
equal in weight to the weight of the clay; and thus one cup 
rides as triumphantly within the other as the first-rate man-~ 
of-war does on the ocean of the world. 

The draught of a ship is the delineation of the various 
sections of her by lines; the lines being the outer edges of 
such sections. To elucidate what is here mcant: if an orange 
is cut into two parts, the edge of the peel in each of those 
parts will be a round or circle, and thus denote the shape of 
it. And if those parts be again subdivided, their outer 
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edges will have a similar form,—and the orange, by such 
a development, would be found to assimilate in form to a 
sphere or globe. The naval architect or constructor deter- 
mines the relation which the principal dimensions of the ship, 
or those of the length, breadth, and depth of her should bear 
to each other, the form best adapted for the required service, 
and its capabilities ; the practical ship-builder having the same 
relation to the naval architect that the house-builder has to 
the civil architect. Each of the architects is a designer in 
his respective science, whoso designs, when completed on 
paper, require the able assistance of the practical man, that 
the one may become the graceful and symmetrical figure por- 
trayed by a man-of-war, or the other stand forth as the stately 
palace of a sovereign. 

The Construction-Drawing, from the sections of it being 
made to the outside of the exterior planking for calculation, 
as it comes from the hands of the naval architect, would not 
be available for the purposes of the practical builder, whose 
delineation on paper, or draught of the ship, and its conse- 
quent full development on the mould-loft floor requires to be 
to the outside of the timbers or inside of the exterior plank ; 
the fact being, that the moulds, for convenience, are made to 
the form of the timbers only, and the timbers are trimmed 
by them, then put together, raised, and placed in position to 
receive the plank. The frame-timbers may be considered as 
forming ribs, to give the form of the ship, to which the planking 
has to be added, to give buoyancy and substance to the mass. 
The method of preparing the building draught of the ship 
from that which is furnished by the naval architect or the 
construction-drawing, will not be described in this work, as 
the process necessary to do it is more within the province of 
the mould-loft, and will be included in the treatise descriptive 
of the work done in that place. 

The principal drawing of a ship, denoted the Sheer Drawing, 
is composed of three parts, mutually dependent on each other. 
They are each sectional planes considered as passing through 
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the largest portions of the principal dimensions of her. They 
are severally named—the Sheer Plan, Half-breadth Plan, and 
Body Plan. 

The Sheer Plan is descriptive of the longest and deepest 
longitudinal section in the ship, or that of a plane passing 
through the middle line of the vessel from the middle line of 
the stem or fore-boundary of her, to the middle line of the 
stern-post or after-boundary (Fig. 1. p.11). On this plane the 
position of any point in the ship may be determined for height 
and length, as being projected on to that plane, similar to 
the process followed in the delineation of a map. 

The Half-breadth Plan is descriptive of half of the widest 
and longest Jevel section in the ship, or that of a horizontal 
plane passing through the length of the ship at the height of 
the greatest breadth (I’ig. 1). On this plane the position of any 
point in the vessel may be fixed by projection, as to width and 
length. 

The Body Plan is descriptive of the largest vertical and 
athwartship section of the ship; forming the boundary of all 
the others, which are delineated within it (Fig. 1); and this 
plan fixes by projection the height and width of any point in 
the vessel. 

There are thence three plans used to describe the ship, 
considered as a solid, or as being made up of three dimensions, 
length, breadth, and depth; and these are dependent on each 
other, as the— 


Sheer plan gives the height and length. 


Half-breadth gives the breadth and length. length is com- 


mon to the two. 
{re which the 


fe which the 


Sheer plan gives the length and height. 


Body plan gives the breadth and height. height is com- 


mon to the two. 
In which the 
breadth is com- 
mon to both. 

To determine the true position of each point of any solid 


Half-breadth gives the length and breadth. ( 
Body plan gives the height and breadth. 
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three linear measurements are required—the height, the 
breadth, and the length of it, all of which must be set off 
from, or bear reference to, a standard plane or starting point. 
The plans described for the ship fully furnish these di- 
mensions for each point in her, as they may be considered 
the sides, top, and ends of a block formed to the dimensions 
of the ship, and each point in her has double reference to the 
several plans, or the sheer, half-breadth, and body plans. 

‘Thus the point in the half-breadth plan, or top of the block, 
if projected downwards, will meet the same representative 
point, shown on the sheer plan, projected inwards or athwart- 
ship: these must coincide, for they represent the same point 
in space, which means the same identity. This reasoning will 
extend itself to the rest of the linear delineation of the 
draught of a ship; on which, by these means, the intended 
form is fully described, and the internal arrangements de- 
picted upon scale, and the practical builder has thence the 
whole fabric under his eye at one glance. ‘The lines shown 
on the practical drawing in blue ink are called water-lines 
(Fig. 1, marked aa), forming, in the half-breadth plan, the 
boundaries of the several sectional areas; the upper one 
being the intended line of floatation, and the others being 
drawn parallel to it. In the sheer plan, from being the pro- 
jection of these lines, their position and form is indicated by 
straight lines; aud the height from the keel, and the relative 
distance from the bow or stern of any point of them, may be 
determined on it, but not the breadth of that point from the 
middle line of the ship. In fact, the sheer plan is but a 
surface or plane, made up of length and breadth, and cannot 
thence be descriptive of more than those two dimensions of the 
solid. 

In the half-breadth plan (Fig. 1), the water-lines are de- 
scriptive of the form of the ship, as being made up of a suc- 
cession of breadths of her, at the heights pointed out by the 
corresponding heights of the water-lines in the sheer plan, 
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the points denoting such breadths being in each plan at the 
same lengths from the bow or stern. 

In the body plan (Fig. 1), the water-lines are in the form of 
a curve, arising from the difference of draught of water given 
40 the ship, which causes the several points of the plane to be 
shown above each other in succession, beginning from forward. 
These heights correspond with the heights descriptive of the 
same points in the sheer plan, and the breadths of the 
vertical sections of the body plan at these assumed positions 
are co-equal with those of the same points in the half-breadth 
plan; and the young draughtsman should bear well in mind 
that the lincs denoting the upper edge of the rabbet of the 
keel, middle line of the ship, both vertically and longitudinally, 
or the common sections of the longitudinal and vertical sec- 
tions of the ship, form the bases from which the dimensions 
of the ship are set off, and from which, as a standard, all 
the other parts are measured. 

A diagonal line (lig. 1, c)1is a curve line which bounds a 
section or area of the body in an oblique direction ; they are 
drawn in red in the body plan of the draught, where they 
are usually made to denote the heads and heels of the timbers, 
and by projection they are in that plan represented by a 
straight line. These lines are considered the most effectual 
towards fairing the body of the ship, or making the one 
portion of her assimilate with the other. The diagonals are 
run off from the body plan, for the form of the diagonal 
section to be shown on the half-breadth plan, c, where it will 
be developed as a curve, by taking the diagonal distances 
along them from the middle line of the body plan to where the 
representative diagonal of the body plan cuts the curves which 
represent the respective timbers or boundaries of the vertical 
sections of the body; the diagonal distances thus taken being 
severally set off from the middle line of the half-breadth 
plan on the lines or stations which represent on it the posi- 
tions of the corresponding vertical sections of the body plan; 
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such vertical sections of the body being by projection deli- 
neated by straight lines in both sheer and half-breadth plans, 
as shown in Fig. 1. 

A curve passed through the spots thus obtained will be the 
boundary of a plane cutting the frame of the ship obliquely ; 
or of a plane that, if it were hung with hinges at the middle 
line of the vessel, would, when allowed to fall to the given 
angle from the horizon, be found to coincide with the pro- 
posed form of the body of the ship: these curves give the 
shape of the harpins and ribbands of the practical building, 
which will be further adverted to in the treatise on Laying off 
Ships on the Mould-Loft Floor. 

Buttock and bow lines (Fig. 1, marked b) are the boundaries 
of planes which are supposed to pass fore and aft through the 
whole length of the ship, and parallel to the middle plane of 
her; these lines by projection are indicated by straight lines 
in the body and half-breadth plans, but in the sheer plan 
they are curves bounding the sectional areas, and denoting 
by their form and regularity the symmetry of the vessel as 
well as the fairness of her. The buttock lines are those 
portions of these lines which lay towards the after-part of the 
ship; the bow lines those which are at the bow or fore- 
portion of her. ‘The method of setting off these lines on the 
sheer plan is by taking off the heights in the body plan, 
where the straight line drawn to represent the buttock or bow 
line cuts the several curve lines denoting the vertical sections 
in it, and transferring these heights to the corresponding 
stations in the shcer plan, setting them up from the line which 
has becn fixed upon to denote the upper edge of the rabbet of 
keel in that plan; a curve passed through the points thus 
obtained will be the bow or buttock line, as the case may be. 
The ending or termination of these lines has not been pointed 
out ; it being more in the province of the mould-loft, and will 
be described in a subsequent rudimentary work, on laying off 
ships. 

Before commencing the description of the practical carpentry 
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of a ship, a few words may not perhaps be misplaced, 
when a regret is expressed, that the profession of the naval 
architect and the trade of the ship-builder have been in this 
country at such a low ebb for many years past. Little en- 
couragement has been given (nay, persecution has been shown) 
to men who had devoted their time and talents to a steady 
course of inductive principles to be applied to the improve- 
ment of the ships of the British navy; while imaginative and 
amateur constructors have basked in the full blaze of official 
patronage, and the treasures of Iingland have been expended 
in building ships of a faulty construction or form, that may 
in the days of future strife tend, from their bad qualities, in 
no small degree to compromise the honour of the British 
seaman. 


PART II. 


Blocks on which the Ship is built—how laid.— Description of the Frame or 
the Skeleton of the Ship, as being composed of a vast assemblage of timbers. 
—The several Parts of the Frame described, and the Methods pointed out 
by which they are united. 


THE blocks on which the keel of the ship is laid after it is 
trimmed or fashioned by tools, are piles of short and thick 
pieces of timber, placed one above the other to a height de- 
termined by the declivity of the slip on which they are placed. 
The lower picce of each tier is the largest, and is termed the 
groundway. The upper one is called the cap of the block, 
and should be of free wood, easily to be split out for launching. 
When the vessel is built on angular blocks, the cap block 
for splitting out is not required, and in such imstances the 
cap, the depth of the false keel or keels, is the one that is 
obtained of free-grained wood, for easy removal. Above this 
cap, a thickness of block, equal to the depth of the false 
keel or keels, is worked. The blocks have their upper sur- 
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faces to the inclination of § of an inch to a foot, and the ship, 
while building, is inclined to the horizon at the angle given 
by such a depression. The after blocks, if above 5 feet in 
height, are braced together, and shored on their after-sides. 

It has not unaptly been suggested that the keel may be 
denominated the back-bone of the ship, and that the timbers 
of her frame bear the same analogy to the structure that the 
ribs do to the human frame. The planking of the ship, under 
such a comparison, may with equal force be looked upon as the 
skin to the structure making up the fabric. The keel is 
usually composed of elm, a wood that is preserved by being 
immersed in water. The fibres of this wood are tough, and 
well adapted to receive the numerous fastenings or bolts that 
pass through it, such as the bolts through the lower timbers 
of the frames called floors. ‘The size of the keel in a 
first-rate man-of-war is 20 inches by 20 inches, technically 
styled 20-inches square. The number of pieces of which it 
is composed in length, depends on two conditions—the 
length required by the draught or drawing of the ship, 
and the store of timber which the builder has at _ his 
command, The last condition should be kept in view by 
the practical shipwright throughout the whole of the me- 
chanical operations of the shipwright carpentry. He should 
never lose sight of the old and trite proverb of * cut- 
ting his coat according to his cloth.” These pieces of 
keel, in a first-rate, rise in number to eleven or twelve or 
thirteen pieces ; and it has bcen usual to have the after-one of 
oak. The fore-mast piece, in the Queen’s service, has the 
fore-end curved up to form what is called the boxing or the 
over-lap of the keel with the stem to unite them together, 
which mode of connecting one piece of timber with another is 
usually termed a scarph. ‘The scarphs of the keels are locked 
into each other by raised and sunken portions of them, as 
shown by the sketch in next page. 

a b the overlap or length of the scarph of the one piece of 
keel; c¢ d the overlap of the other; @ a sunken groove, in 
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dimensions 4rd the width of the piece, and one-half of 
the length of the scarph, the depth being 14 inch; 6 the 
wood left above the plain surface ec f, equal in size to 
the hollow a; the surface of the scarph of the other 
piece has the raised wood at c, and corresponding sunken 
groove at d: when these two surfaces arc brought together, 
the groove « receives the raised wood c, and the groove d 
receives the raised wood 8, thus locking the two pieces of 
keel together, the abutment qh of 3 inches resisting any 
strain brought on the pieces of keel to pull them apart. This 
method of uniting is technically termed a tabled scarph; the 
length of the scarph is determined by the distance between 
the timbers of the ship, the scarph being long enough to take 
two of the bolts through the keelson—a timber that will be 
shortly described. 

The rabbet of the keel or groove sunk in it to receive the 
plank of the bottom is usually, in the merchant service, taken 
out at the upper side of the keel, as shown in the sketch (Fig. 1, 
p- 11), and marked a be, leaving the depth cd below the plank- 
In the Queen's service the rabbet is brought to the lower part of 
the keel f, the lower part of the groove or rabbet being only 4 
inches from e, or f ¢ is equal to 4 inches; the rabbet on the 
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lower side, or fg, is taken out in the same way as c b of the old 
system; but the depth of it, f h, is increased, so that h may 
be within 1} or 2 inches of the upper side of the keel, as 
th; and the rabbet is then formed to the figure of which h qf 
is a section. This formation of the rabbet of the keel admits 
of a thick plank being worked next to the kcel; and, indecd, 
the system thus described, of working the kcel and planks 
of the bottom immediately in junction with the keel (tech- 
nically called garboard strakes) may be said to form a combi- 
nation of keel-picces ; and where strength and efficiency are 
more considered than expense, the safety keels of Mr. Lang, 
master shipwright of Woolwich Yard, will be adopted by mer- 
chant builders. In the Queen’s service, the good results or 
safety of the ships that have in numcrous instances attended 
on the plan has caused the system to be universally adopted. 
The strength which is given to the fabric by this combination 
of keel-pieces is not the only advantage which the system 
presents. Jn the old plan, the depth of the keel below the 
rabbct ed forms a lever, on the vesscl taking the ground, to 
assist in tearing the keel out of its place. In the new plan 
the distance (fe) is not more than ith the distance (¢d), which 
diminishes the lever ?ths of its length; and, in addition, the 
thick garboard or keel-pieces form firmer resistance or abut- 
ments to any movement in the keel longitudinally. 


FALSE KEELS. 

Below the main kecl, pieces of elm from 4 to 6 inches in 
thickness are worked of the same breadth as the keel, the whole 
extent of it; the butts or ends of these pieces of wood should be 
placed between the scarphs of the main keel: the object of this 
addition to the depth of the vessel is to give her a greater im- 
mersion to prevent lee-way, and that, in the event of the ship 
taking the ground when in shoal or shallow water, the false keel, 
being only slightly secured to the main keel, may be easily 
forced off from it and the vessel be freed from her danger. 
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STEM, 


Tho foremost boundary of the ship, being a continuation of 
the keel to the height of the vessel at the fore extreme of 
hor: it is usually composed of English oak timber, and receives 
in a groove taken out of it, technically termed a rabbet, 
the whole of the fore-ends of the plank of the bottom, 
called fore-hoods. In large vessels the stem is, from the dif- 
ficulty of finding timber of sufficient dimensions, composed 

of three pieces, distinguished as being the upper, middle, 

and lower pieces of stem; these are united to each other 

and to the fore-end of the keel by scarphs, as described for the 

keel, or with coaks; the scarph which unites it with the keel 

being in mechanical terms denominated the boxing. (Sketch 

of the boxing, Fig. 8, p. 11). The stem is wider in the sided 

way or thickness at the head or upper part of the upper piece, 

tho lower end of the lower piece being of the same thickness 

or siding as the keel at their junction. The most desirable 

position for these scarphs of the stem will be pointed out 

when the description of the construction of the frame of a 

vessel is farther advanced ; the security of them, as restricted 

to the stem itself, consists of round pieces of dry wood, called 

coaks, and copper bolts, usually placed as described by the 

annexed sketch, at Fig. 2, p. 11, where the coaks are marked 

thus, O, and bolts o. 


STERN-POST, 


The after-boundary of the frame, or ribs of the ship, being 
the after continuation of the keel to the height of the deck, 
and forming, similarly to the case of the stem and planking 
forward, the receptacle for the after-ends of the plank of the 
bottom, a groove being taken out of it called a rabbet, to 
receive these ends, which in mechanical phraseology are 
termed after-hoods. The stern-post is usually of English oak, 
when the dimensions of it and store of timber will admit of 
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such a conversion, and is usually in one piece; it should be of 
sound quality and well seasoned. Sometimes in large vessels 
a false post is worked at the after-part of the main-post, to 
reduce the required dimensions of this portion of the frame ; 
such conversion or provision should be avoided, if possible, 
the post being the foundation to which the rudder is hung, 
and thence requiring solidity of construction. Should it be 
impossible to obtain the main-post of a large ship in one, the 
expedient that has been sanctioned is to have the lower end 
scarphed, placing the outer butt of the scarph under one of 
the braces worked on the post, for the reception of tho rudder, 
or for forming the hinges on which the rudder hangs. (See 
Rudder). The lower end of the stern-post, technically termed 
the heel of it, is inserted into the after-piece of keel, to which 
it corresponds in thickness or siding, by tenons or teeth, which 
fit into mortices or grooves sunk in the upper and after part 
of the kecl to receive it. 

abtenons or teeth in the post, or mortices in the keel 
(Fig. 3, p. 11). 

Occasionally, to assist the conversion of the timber for the 
post, the after lengih of keel, or after-piece of keel, is worked 
up as shown in the sketch (Fig. 4, p. 11), which is, in fact, 
making the after extreme similar to the fore, and decreasing 
the expense of the stern-post by an increase in expenditure in 
the conversion of the kecl. ‘The store of timber will best 
determine which cxpedicnt should be adopted. 

There is also an inner post, which is made to succour the 
main-post by being brought on the fore side of it: it is dowelled 
to the main-post, and may be fairly considered as making 
up a@ combination of timber that would be provided in one 
if the trees were of sufficient size. In round and elliptical 
sterns, timbers called post-timbers are worked on each side 
of this mass of timber to form the shape of the vessel at the 
extreme after-part, giving to it the rake and contour of the 
stern. 
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FRAME. 


The frame of the ship, or what is somctimes termed the 
ribs, which, as before stated, may not unaptly be compared to 
that part of the human frame that bears the same title, is 
the portion of the structure that gives the form or shape of 
the vessel. It is composed of numerous assemblages of timber, 
denominated either floors, cross-pieces, half-floors, floors short 
and long armed, lst futtocks, 2nd futtocks, 3rd futtocks, 4th 
futtocks, 5th futtocks, top timbers, according to the carpentry 
that is to be used in putting the vessel together; and here the 
skill and ability of the practical naval architect will be evinced, 
as the maximum of strength and minimum of expense in the 
frame, under the form given to the ship, will be alone ob- 
tained by the judgment shown hy the converter or cutter out 
in giving the best arrangement of length to the several por- 
tions of the frame or to the shift of timbers. In this stage of 
the work, the store of timber should be well considered and 
carefully examined, and probable difficultics in following up 
his intentions and the expense attending it, should check 
the views of the designer of the combination, towards com- 
pleting what would seem to be the ultimatum of his wish; 
for maximum or greatest strength should be well weighed 
with the practical certainty of its accomplishment, under the 
resources at his command, as in most instances a trifling 
deviation from the design will be attended with very salutary 
effects on the ease of conversion and the price of the frame 
of the ship. 


FLOORS. 


In the merchant service at the present day, and formerly 
in the British navy, this portion of the frame, which unites 
the two sides of the ship, has a middle seating on the keel, 
by which arrangement the two arms of the floor-timber reach 
equally on each side of the keel. 

abecdisasection of the floor-timber, ef being the mid- 
dle line of the ship: to give a steadiment to the floor when 
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placed across the keel (Fig. 5, p. 11), technically called cross- 
ing it, a piece of timber called the rising wood, a section of 
which, gi hk, is shown in the Fig., is worked, to allow of a 
score or groove being taken out of it; a corresponding one 
is sunk in the seat of the floor, the double score being suffi- 
ciently deep to insure the points iand k of the timber when 
let down being brought well to the upper edge of the rabbet of 
the keel, at i and &, that the plank may lay on the timber and 
the edge of it fill the rabbet. In some instances the rising wood 
is dispensed with, and the floor has for its steadiment a coak 
placed in the scating, part in the floor, and part in the keel 
(Fig. 6, p. 11). 

In the Queen's service, or in the construction of the British 
navy, the practice is, to have 13 inch wood in the keel above 
the rabbet of the keel, under which system of working, 2ths 
of an inch is taken out of the keel, and! hs of an inch out 
of the scating of the floor; bringing, as in the old system, the 
lower side of the floor timber down to the upper edge of tho 
rabbet of the keel, by which means the seating of the floor on 
the keel has 2ths of an inch wood to steady it. The floors are 
Jet down mostly by what is called the cutting-down staff, given 
from the mould-loft floor, which gives the height of the upper 
side of the throat of the floor at each frame. Some adopt the 
practice of having what is termed a seating line razed on the 
keel each side, as a standard to measure from, to the seating of 
each floor on the rising wood. 


LONG AND SHORT ARMED FILLING FLOOR OF THE BRITISH 
NAVY. 


The difficulty of the conversion for the floors on the old 
shift of timber has been attempted to be ameliorated, in the 
Queen's dockyards, by every other frame of timber, or what 
is termed a filling frame, being constructed as shown by 
Fig. 9, p. 11. Supposing abcd to be length of the floor 
described in the first section on floors, a half shift or butt has 
been adopted on the one side as pointed out by the full line, e 


ON SHIP BUILDING. 17 


the ticked line, gh, being the corresponding butt on the other 
side, giving two timbers at the middle line. This certainly 
would assist the conversion were all the lower timbers of the 
frame, floors crossing the keel; but such is not the case, 
only one-half. being so designed. The difficulty in obtaining 
one-half the lower timbers of this form, combined with the 
conversion of the floors for the other required half, leaves no 
doubt that the system is attended with an increase of expense, 
and has not a commensurate advantage in strength. 


CROSS PIECES COMBINED WITH HALF FI.OORS. 


Another method to unite the two sides of the frame of the ship 
was introduced by the late Sir Robert Seppings, formerly Sur- 
veyor of the Navy, and consisted of a cross piece or short floor 
across the keel, with two timbers meeting at the middle line 
of the vessel, denominated half floors. This plan is one 
uniting strength with economy, and is the combination that was 
used in many of the ships now in the Royal Navy. The Fig. 
10 will describe the method of putting them together. 

The butts of the half floors should be 2 inches alternately 
on either side of the middle line, to give a better space for 
placing the coak or dowel, which ties them to the keelson, a 
part of the frame which will be described in the after text. To 
secure the half floors to the cross piece, and to make the three 
timbers in their combination nearly equivalent to a solid 
mass, dowels, or circular coaks, were used of 3 inches in dia- 
meter and length, sunk 14 inch into cross piece or half floor, 
placed as shown in Fig. 1], p. 11. 

These dowels or tenons prevent the surfaces of the cross 
piece and half floors from sliding over each other, while the 
bolts placed in each arm of the cross pieces through the half 
floors effectually prevent a separation of them. The heels 
of the half floors had also a dowel placed in them, as described 
in the section shown by the sketch. 
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IST FUTTOCKS. 


In the merchant service these timbers run down to the 
side of the rising wood or dead-wood, leaving a watercourse of 
the breadth of it or of the kcel (ig. 12, p. 11); in the Queen's 
service they formerly butted against cach other at the middle 
line similarly to the half floors described in the last section, 
or Fig. 13. 

The practice now adopted in the Queen’s service is for 
these timbers to come to the heads of the cross pieces or floors ; 
and dowels or tenons of hard wood are placed in the heads 
and heels, as shown in the sketch (Fig. 9, p. 11). 


OND FUTTOCKS., 


The 2nd futtocks are placed on the heads of the half floors, 
and the 8rd futtocks on the heads of the 1st futtocks, the 
Ath futtocks on the head of the 2nd futtocks, the 5th futtocks 
on the head of the érd and the top timbers on the heads of 
the 4th timbers, these, with top timbers and lengthening 
timbers, completing the frame. 


PART III. 


Room and Space; being the Distance which the Frames of the Ship are 
placed apart along the Keel, to form the Skeleton of the Ship. 


Tue distance that the frames should be apart, or the dis- 
tances denoted by the equidistant straight lines in Fig. 1, p. 11, 
both in the sheer and half-breadth plans, requires the care- 
ful and joint consideration of the practical builder and the 
constructor, as having great influence on the weight of the 
hull and the strength of the fabric; on this essential point 
the aim should be to have the weight of the hull the least 
possible that will be compatible with the required strength, 
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as a diminution of the weight of it, in conjunction with the 
requisite firmness of fabric, will allow in the merchant service 
of more cargo being carried to a given or proposed draught 
of water, and in the Queen’s service will permit of an im-~ 
provement in form under a proposed displacement or total 
weight of the ship when equipped for sea; for the total weight 
of the ship, being equal to the weight of the hull, added to 
the weight of the provisions, stores, and equipments, a reduc- 
tion of the weight of hull, one of the terms of this equality, 
With due regard to strength, would admit of a less displace- 
ment, which would dccreaso the volume immersed to the 
proposed draught of water, and enable the constructor to fine 
the form under water, whereby tho propelling power of tho 
sails would have less resistance to overcome, and the speed 
be increased. 

The room and space given in the Queen’s service varies 
from 2 feet 6 inches to 3 feet 9 inches, as the space to be 
occupied by each set of timbers called a frame, which is com- 
posed of one cross piece or one floor, two half floors, or two 
Ist futtocks, two 2nd futtocks, two 8rd futtocks, two 4th fut- 
tocks, two 5th futtocks, and two top timbers, with lengthening 
pieces as required to bring the frames to the proposed height. 

The room and space has reached to the extent of 3 feet 
9 inches in modern times, under the just conclusion, as 
before stated, that a decrease in the weight of the hull (all 
other weights and the form remaining the same) would 
insure greater speed, to which quality everything else 
has been made subservient. The equal spaces, when de- 
termined, are marked on the keel by a long measuring rod, 
called a station, or room and space staff, which is fur- 
nished from the mould-loft floor or large room, where the 
drawing of the ship that had been formed on the scale of a 
quarter of an inch to a foot, is expanded to its full size, or 48 
times larger. The joint of the cross piece with the half floor, 
or of the floor with the first futtock, is kept well to these 
stations, and the frame’s timbers, as they go upwards, are kept 
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apart from each other according to their respective sidings or 
thicknesses, leaving at all points equat openings; and the 
upper timbers being the least in size, the openings aloft are 
consequently the largest, but should, if the frame’s timbers be 
well disposed, be nevertheless all equally distant from each 


other. 


PART IV. 


Descriptive of the Dcadwood.—Apron.—Stemson.—Inner Post.—Cutting 
down of the Floors.—Raising of the Frames.—Securing the Frames. 


DEADWOOD. 


Tue extremes of the ship, or the fore and after ends of 
her, having a form given to them that causes the floors’ tim- 
bers gradually to become more rising or V like in appear- 
ance, which renders them first difficult to be obtained, and 
finally not within the natural growth of timber, it then be- 
comes necessary to have recourse to other methods to con- 
tinue the assemblage of timbers which compose the frame of 
aship. The position in the length of the frame of the ship, 
where it would be advisable that the component shifts of tim- 
bers should be reduced by the floor, must be determined by 
the practical builder with reference to the capabilities of 
his store of timber, the half floor and the 2nd futtock of the 
Square body being in the cant bodies cut in one length, and 
thence called a double futtock: having fixed that point, the 
deadwood becomes the foundation, against which the heels of 
the double futtocks and 1st futtocks are abutted. The dead- 
wood is worked of the same width as the keel amidships, and 
the keel tapering at the fore and after ends, the line of the 
upper edge of the rabbet necessarily rises up the deadwood, 
to give the same breadth where the timber meets the dead- 
wood, thus forming what is termed a bearding linc. 
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APRON. 


Within the stem, to succour it and afford wood for the re- 
ception of the plank of the bottom, and the heels of the fore- 
most timbers, a timber called the apron is worked. The 
apron may be justly considered as a portion of the fore dead- 
wood, being a continuation of it in a similar way that the 
stem is a prolongation of the keel; the size of it, in the sided 
or athwartship direction, is the same as that of the stem, 
and in large ships, where from necessity it is composed of two 
pieces, the scarph by which it is united is made to give shift 
to those of the stem: by shift is meant that it is placed 
intermediate between the scarphs of the keel and stem, to 
ensure the greatest strength under the required combination 
of materials. 

The scarph of the apron is dowelled and bolted to itself 
at the lips or ends, the middle of the scarph being left for the 
bolts of the stem, and of the knee of the head to pass through. 
The apron is also dowelled to the stem, as shown in the sketch 
(Fig. 8, p. 11). 


STEMSON. 


The stemson is a timber worked as a further support to the 
stem (Fig. 8), and the three—stem, apron, and stemson—form 
a mass of timber that 1s subdivided in conversion, from the 
impossibility of obtaining one timber for the whole, either to 
the size or the curvature required. 


INNER POST. 


The inner post bears the same analogy to the main post 
that the apron and stemson do to the stem, and may be con- 
sidered the continuation of the after deadwood, to form a 
foundation for the reception of the plank, to succour the main 
post, and receive the heels of the extreme after timbers. 
With a view to the further support of the main post, consi- 
dered as being united to the inner post, and forming with it 
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one mass, a groove is taken out at the middle line on the fore 
side of the inner post; and the after end of each layer of 
deadwood has a corresponding tenon raised in it, which being 
dropped into the groove in the inner post, forms a steadiment 
to the two posts or mass of timber in the athwartship di- 
rection. 


CUTTING DOWN OF THE FLOORS, OR THE HEIGHT OF THEIR 
THROATING OR UPPER SIDES OF THEM FROM THE LOWER 
EDGE OF THE RABBET OF THE KEEL. 


ef, cutting down (Fig. 5, p. 11) of the midship floor, or 
height of the upper side of the floor above the rabbet of the 
keel. 

The throating or moulding usually given to the midship 
floor, is once-and-a-half of their siding or thickness; and to 
determine the height of the cutting down, and thence throat- 
ing of the foremost and aftcrmost floors, the scantling or size 
of the timber is described on the mould-loft floor, and the 
height is there determined that will give the moulding that 
is thought sufliciently strong for the ship, and practicable of 
conversion from the store of timber. 

In the foremost floor (Fig. 14, p. 11), g e, is the form of the 
floor to the outside of the timber, as shown on the mould-loft 
floor, a b the form given to the inside of the timber ensuring the 
scantling or size a g, then a f becomes the height of the cutting 
down for the foremost floor. In the same manner the height 
of the cutting down (cd) for the after floor is determined s0 
as to obtain the square scantling (Ac). <A batten passed 
through these three points, viz., the midship one, and the 
two fixed as here described, will give the height of the cut- 
ting down for all the floors, and, continued beyond them to the 
stem and stern-post, will form the height of deadwood neces- 
sary for the reception of the heels of the fore and after 
timbers of the frame of the ship, or those of the fore and 
after cant bodies of her. 
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RAISING THE FRAMES, OR A DEVELOPMENT OF THE FORM OF 
THE SHIP BY THE RIBS OR FRAMES BEING PLACED ACROSS 
THE KEEN. 


The several assemblages of cross pieces and half floors, 
floors, and 1st futtocks, or long and short arm floors, as the 
practical carpentry may be, are first what is technically called 
crossed, that is, placed athwart the keel at their respective 
stations. They are let down to their cutting downs by means 
of the depths given from the mould loft, on what is termed 
a cutting-down staff, and they are squared across the keel 
by using a long staff as a measure from the middle line 
of the keel to a given station on each arm of the floor or 
half floors; and to set them perpendicular to the keel, a 
level and plumb is used, by having a long straight batten 
placed from arm to arm of floor or half floor at a given mark 
or station. 

Ist. To hold them in this position, the floor ribbands, or 
pieces of square fir, of 5 inches by 5 inches, are then brought 
round the outside of the floor timbers at a given height 
marked on each floor arm as floor sirmark, which station is 
given by the moulds from the mould-loft floor, and cut in on 
the timbers when worked or trimmed ; these secure the heads 
of the floors in position, and are well shored to the bottom of 
the slipway, the head of each shore being scored over the rib- 
band, and a nail placed in it. The ribbands are secured to 
the frames in the Queen's service by eye bolts, have a screw 
thread in a portion of them; they were introduced into the 
service by Mr. Blake, late master shipwright of Portsmouth 
Dockyard, and are invaluable for mechanical purposes. 

2nd. The assemblage of timbers composed of Ist futtocks 
and 2nd futtocks, &c., are put together on the ground or 
slipway, and bolted with frame bolts of iron to constitute 
each frame (see sketch, p. 25), and they are hoisted into 
position over the heads of their respective floors by the means 
of large sheers, formed of pieces of wood called hand masts; 


Section of Building Blocks, Keel, and Floor. 
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The continuations of the ribbands beyond the square frames 
are called harpins, and require from their curvature and form 
to be trimmed to receive the after and fore timbers, which 
are denominated cant timbers; the ribbands and harpins are 
sometimes scarphed to each other, but the connection is the 
more usually kept up by one length of the ribband being 
made to overrun the other. 

The consecutive ends of the timbers are dowelled to 
each other, the dowels being 3 inches long, giving 13 inch 
into each timber thus :— 


Section of the Timbers showing the Dovel. 
ww Win 4th Futtock heel. 
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2nd Futtock head. 
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Top timber. 





Frame Bolts and Chocks marked x. 

In the merchant service, 
and formerly in the Queen’s 
service, the heads and heels 
of the consecutive timbers 
are united by chocks, as 
shown by the sketch—thus. 
This method assists in the 
conversion of the timber, tho 


25 
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chock supplying the deficiency of the wood required to form the 
square butt; but the chocks were found to subject the frame 
to early decay, and a moderately increased first expense to 
the Government is not to be considered, when efficiency and 
durability is at stake. There is a difference in opiion on 
this arrangement, a further detail of which is not within the 
limits of this small work. 


PART V. 


Description of the Fore Cant Timbers of the Frame.—Their Use.—Stem 
Pieces.—After Cant Timbers.—Changes in them in the Navy of this 
Country.—Kcelson or internal Kceel.—Side Keelson. 


CANT TIMBERS OF THE FRAME. 


Tur immersed portions of the extreme ends of a ship, or her 
bows and quarters, are rounded off; in the fore extreme or 
bow, to give the ship a form that will divide the water with 
ease when it is propelled by the sails; and in the aftcr ex- 
treme, which is termed the quarters, the body immersed is 
made fine to allow the water to pass to the rudder in a line 
with the kecl of the vessel, to insure the full effect of steerage 
or the government of her motions by the rudder, by which 
adaptation of form the space aloft is made considerably larger 
than below; under these circumstances the square timbers, or 
frames, that have becn described, could not be continued the 
whole length of the vessel, with due regard to strength and 
economy, and thence 
recourse has been 
had to a disposition 
of the frame, called 
cant timbers, a cur- 
sory description of 
which arrangement 
will now be given 
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ab is the foremost square timber as it would be depicted 
on the half-breadth projection of the ship plan or drawing ; 
and here, perhaps, no better illustration can be given to this 
mystical device of the shipbuilder, than to compare his draw- 
ings with the paper mouse-trap of our younger days; in the 
plaything, the succession of circles while on the surface of 
the card board seemed without substance or form; but by 
raising the internal and smallest circle we gradually drew 
each successive circle from the board, and a paper mouse-trap 
rose to our then wondering eyes. Thus it is with the ship- 
builder’s plans. The lines there delineated, require to be 
raised by the mind above the paper on which they are drawn 
to the required distances apart, to form a diminutive repre- 
sentation of the vast structure which it is now attempted to 
make familiar to the uninitiated, and to place the practical 
carpentry of it within the intelligence of the school-boy. 

With respect to the cant timbers, or the filling of the space 
between the square frame ab and the stem atc, it may be 
compared to the staves of half a cask, or that departing from 
the direction of the sides of the timbers which form the square 
or athwartship body, and which timbers have their sides 
vertical and athwartships; the cant timbers, keeping their 
sides still vertical, have gradually to be inclined to 90°, or 
a quarter of a circle, to meet the stem, the plane of whose 
sides or siding way is fore and aft; the heels of them also have 
a less space, as af, for their reception, which causes the prac- 
tical builder to reduce the cant timbers in their siding or 
thickness at the heels, to make them close joints, or, indeed, 
angle against each other, from a given point, taking the wood 
away partly from each. Thus at gh they are made to cross on 
de, at some point J, or to open at an angle both ways from that 
point, the heels of each at the deadwood being reduced by the 
substance, that the directions of the timbers give, in crossing 
each other at the deadwood, as 77. 

Against the stem it is usual in the Queen’s service to work 
an angled or snaped timber called the stem piece, having for 

ca 
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its object the increasing the distance between the knight- 
heads, or first cant timbers on cach side from the stem. The 
knightheads form the sides of the seat or bed for the re- 
ception of the bowsprit*, the stem-head forming the bed; and 
they would without this precaution be weakened by the hole re- 
quired for the bowsprit being more in diameter than the thick- 
ness of the stem, which would deeply cut into the knightheads 
if the stem pieces were not worked. The next timbers to the 
knightheads are the hawse timbers, worked for the reception 
of the hawse holes ; they had formerly filling timbers worked 
between them, with the butts of them coming in the hawse 
holes, to prevent (as in the case of the knightheads) their being 
weakened by the holes cut through them for the hawse pipes 
in which the cables are uscd. ‘The remaining cant timbers 
are frames of timber only for the form and strength of the 
vessel. 


AFTER CANT TIMBERS. 


The explanation given for the disposition of the fore cant 
timbers will apply to all but the extreme after timbers, and 
here the ingenuity of the modern practical builder has been 
allowed to show itself in all sorts of systems. The form given 
to the extreme after part of the ship, in former times, was 
universally what is termed a square stern, and under this 
shape the vessels used for commerce present themselves to 
this day: not so in the Queen's service ; there, each year of 
this latter age has witnessed fancied or real improvement in 
the stern, when attained at a vast public expense, superseded, 
it might almost be said, from a desire for change in the 
rulers of the naval dynasty of this great maritime country. 
And on an impartial review of the navy of this country for 
these 25 years past it will be found, that square sterns were 
pulled down to make room for circular ones, and that these 

* The bowsprit is a large spar used as an out-rigger, projecting beyond 
the fore extreme of the ship, on which the head or foremost sails are ex- 
tended or set. 
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circular ones in the same ships, have in their turn given way 
to those of an elliptical form, and the day may not be far 
distant when the chain of changes may be completed by a 
return to the original] square stern. 


KEELSON. 

The keelson, as denoted by the name given to it, may be 
considered as an internal keel worked with the view of 
strengthening the vessel lengthways, and, in conjunction with 
the keel, confining the floors in their respective stations. 
The bolts of the keelson are driven through the throat of each 
floor and through the main keel. The keclson is in ships of the 


Disposition of the Fastening in the Keelson. 
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navy coaked or dowelled to the half floor or Ist futtock of each 
frame ; and, for the better reception of these dowels, the half 
floors are not butted or joined at the middle line of the vessel, 
the excess being made on the alternate sides to assist in the 
disposal of the coaks. ‘The keelson, in scantling or dimen- 
sions, is the square of the siding, or athwartship way of the 
kee], and, in the conversion of it, the lengths are determined 
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by a due regard to the store of timber, and the giving shift 
or overlaunching to the scarphs of the keel: the centres of the 
masts, and the fore and aftermost pieces should extend beyond 
the foremost and aftermost floors of the square body, to connect 
the keelson with the deadwood. 


Sketch showing the Section of a Cross-piece, Keelson, and 
Ealf Floors. 





g h keelson, in form square, and in dimensions the siding or 
width of the keel (4/2); ¢ and d, the heads of the cross-piece, e, 
the butt of the half floors placed on the one side of the middle 
line to admit of a coak f in the keelson being used clear 
of the butt (¢); ab, keelson bolt, passing through the 
keelson, cross-piece, and keel: the bolt should be placed 
on either side of the middle line for greater steadiment to the 
combination—the limit to the spread of the keelson bolts 
being such that the bolt may not break out in the rabbet of 
the keel. In the merchant service the keelson is bolted 
as described for the man-of-war, but dowels are not used, 
as the heels of the Ist futtocks do not come to the 
middle line of the vessel. The keelson bolts are of cop- 
per, and vary in diameter, according to the tonnage of 
the vessel, from 14 inch to Zths of an inch. These bolts are 
driven on a ring of mixed metal, and the copper being beat 
out by driving, a head is formed larger than the ring, forming 
a hold when driven, beyond the friction of the bolt, which 
tie to the keel is completed, by the point of the bolt being 
spread over a ring let into the under side of the main keel ; 
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this arrangement of the fastening unites firmly the keel- 
son and keel together through the medium of the cross- 
pieces and half floors. The rings are shown in the sketch at 
the head (a) and point (b) of the bolt (a b). 

Watercourses or gutters should be formed under the keel- 
son and side keelsons, which is effected by the fillings being 
less moulded than the timbers. See description of Plate 2, 


SIDK KEELSON. 


In the Queen's service, inside the frame of the ship, 
abreast the main-mast and about 6 feet on each side from the 
middle line of the ship, timbers called side or sister keelsons 
are worked, the intention of them being to strengthen the 
ship in the immediate vicinity of the main or principal mast, 
the step to receive the mast resting in part on these auxiliaries 
to the main keelson. The lengths of the side keelsons vary 
from 30 to 50 feet, according to the size of the ship. The 
siding and moulding of them is usually 2 inches less than 
those given to the keelson itself; they are bolted with copper 
bolts through the timbers of the frame and the plank of the 
bottom, these bolts forming part of the fastening of the out- 
side planking. 


BIDE KEELSON 


| CROSS PIECE | 
Nap i 


In the sketch, the sections of the side keelsons and main- 
keelson show their relative positions and their security through 
each alternate timber of the frame; ab and cd being the 
bolts, forming also a portion of the fastening of the bottom 
plank, These kcelsons are also dowelled to the timbers of the 
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ship; the dowels, as /, being placed in those timbers which 
do not receive a bolt, and are in number such as to be from 6 
to 8 feet apart. 


PART VI. 


Fillings between the Frame of the Ship.—Introduction of them by Sir 
Robert Seppings.—Their intended Use.—The Methods first adopted, and 
that at present pursued, in her Majesty’s Dockyards. 


Sirk Mobert Seppings, a late Surveyor of the Navy, pro- 
posed that the frames of H. M. ships, to a certain height from 
the keel, should be made water-tight, independently of the 
outside planking, to the desirable end that, in the event of 
the ship striking the ground, and the outside planking being 
forced off or being seriously damaged, the vessel would still 
float. In addition to the important advantages to be obtained 
from this mode of practical construction, as tending to the 
preservation of life and property, the projector had further in 
view the increase of strength given to the ship by her being 
thus made, as it were, a solid mass of material below the water. 
It is found in practice, from the form given to the bow and 
quarters under the water being fine or sharp to ensure velocity 
in sailing, that these extreme portions of the ship are not 
water borne; and that thence the midship volume displaced 
must, to make up the whole displacement or weight, be on the 
contrary greater than equivalent to the weights placed over 
at. The results which arise from this inequality between the 
superincumbent weights and the upward pressure of the 
water are practically evidenced by the falling of the extremes 
and the rising of the middle of the vessel, causing the keel 
of the ship after she has been some time afloat to assume a 
curved form, which is technically termed hogging. To take this 
altered position in the water, theory points out, and experi- 
ence confirms, that the materials below a certain point in the 
depth of the vessel must have been forced into a closer con- 
tact with each other; and that thence the more dense the 
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materials used, and the more perfect their combination in 
building, the less alteration there would be in the form of the 
vessel when floated. 

To effect this firmness of fabric, Sir R. Seppings at first filled 
in all the openings, below the water, between the frames or 
ribs of the ship, with bricks and mortar between cants of wood, 
and in after times with cement made of sand and water, or 
sand and coal-tar; but these preparations for fillings were 
found to be the fruitful sources of early decay to the frame- 
timbers of the ship, and were thence abandoned; but the 
system was proved correct in principle, and the usual practice 
in Her Majesty's service is wholly to fill these openings with 
sound and well-seasoned fillings of wood. The fillings ex- 
tend in some instances from the middle line of the ship at the 
keel to the load line or line of supposed deepest immersion ; 
but they do not hold their moulding to that height, being 
gradually reduced in size to half the moulded breadth of the 
timbers at the upper line of them, they being made on the 
outside fair with the timbers of the frame. This gives a 
watercourse (Plate 2), under the internal planking, for the 
drainage of the water arising from leakage or otherwise to the 
limbers (p. 47); the main pipe, as it were, communicating 
with the pumps. It only remains to be added that the fillings 
are caulked inside and outside previously to the internal and 
external plank being brought on, thus making them water- 
tight, that the vesscl may float or swim should the outside 
planking of her be injured by the ship striking the ground. 


PART VII. 


Internal Trussing.—Introduction of it by Sir Robert Seppings—Stability or 
Firmness of it.—Remarks on the Views taken of it by the Projector.— 
Former and the latter Systems of Trussing the Ships of the Royal Navy 
contrasted. 

Tue late Sir Robert Seppings also introduced into the 

system of practical building of the ships of the Royal Navy, as 

c 3 
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a substitute for a portion of the internal planking, a combina- 
tion of wood-trussing to strengthen the ship, and illustrated 
the intended effect on her bya reference to the stability 
given to a five-barred or other gate by the bar which is placed 
across the horizontal portions of it. The illustration would 
have held good, had the strain (which he, in common with 
others, knew was brought on the gate) been similar to that to 
which his trussed frame in the hold of the ship was subjected. 
In the gate, the stiffness being required in the vertical 
position of it, the cross-bar is made wholly effective; but the 
same gate would be found very weak if its strength were 
tested by a force being applied to bend it horizontally or the 
flat way. ‘This trussing frame, called by its projector a 
diagonal frame, was composed of timbers nearly equal in di- 
mensions to the lower timbers of the ship, and might be justly 
termed an internal frame, disposed diagonally or similarly to 
the cross-bar of the gate, as being athwart the frame of the 
ship; but in the lower part or near the keelson, this trussing, 
in flat-floored vessels, was wholly out of comparison with the 
vertical position of the bar of the gate, and in those ships 
having a rising or sharp floor it only approximated to it. The 
diagonal framing thence became nearly useless as a truss, 
and its beneficial effects were confined to uniting the several 
timbers of the frame together in a longitudinal direction. 
This framing also, in practice, was found to interfere with the 
stowage in the hold; to be subject to early decay, the more 
especially so where old ship timber was used for this purpose, 
as originally suggested by the projector; and, moreover, to yield 
little strength to the carpentry of the ship. Such practical re- 
sults, combined with some share of the love of change in the 
successors of Sir Hobert Seppings, led to the introduction of 
the present mode of tying the frame timbers to each other by 
a succession of iron plates (Plate 2), as a substitute for the 
former wood frame. These iron plates vary in size according 
to the rate or tonnage of the vessel, their thickness being 
from # inch to 13 inch, and their width from 3 inches to 6 
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inches; their lengths in some cases extending from within a 
short distance of the keelson to the top sides or upper part of 
the vessel *. 

The mode of working these plates has been the subject of 
much controversy among the practical builders of the navy. 
In some instances they have been bent to the inside of the 
timbers without being inserted into them; while in others 
they have been buried half their thickness in the frame 
timbers, and, in some cases, the practice has been sanctioned of 
letting them in their whole thickness: but surely the insertion 
of them into the frame must be erroneous,—the frame of a 
large ship is always difficult to obtain the moulding way, and 
the axiom of nothing being stronger than its weakest part, 
would cause the practical builder to ponder well before he 
weakened the frame of his ship, by the score necessary to 
receive a plate that has little tendency, when worked, beyond 
the stringing, as it were, of the timbers of that frame together. 
‘These plates are bolted through the frame timbers and outside 
plank; and the bolts in them should form part of the regular 
fastening of the bottom. In small vessels these iron 
riders are screwed to the frame timbers by short screws, in 
the alternate holes; and it is advisable, in all vessels secured 
by this system, to work these iron riders before the outside 
plank is brought to, securing them temporarily with the 
screws; for the timbers of the frame being in some degree 
united by them, these plates will then prevent the edge sets 
used in planking, from separating the heads and heels of the 
several assemblages of timbers which constitute a frame or 
rib, and produce a desirable result ; for, if such a separation 
takes place to any considerable extent, the stiffness of the 
frame is in a great degree destroyed, as the heads and heels 


* he iron plates or riders at the top sides should be reduced in thickness, 
in the midship pertion of the ship; and at the extremes, or the bows and 
quarters of the vessel, both upper and lower riders should be reduced both 
in thickness and width, to obtain the advantage of strength, combined with 
lightness in the hull of the ship. 
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can then, and will, work over cach other when the ship is 
acted on by the force of the sea. 

Sketches showing a compartment of the diagonal frame or 
iron truss frame of the present time are subjoined (Plate 2). 

In the merchant service this system of truss frame has never 
been generally adopted, from the great additional expense at- 
tending its use; but in the year 1822 two vessels were built 
by Messrs. Gordon of Deptford, having the principle of wood 
trussing applicd to their practical building under a most 
advantageous form. <A system of trusses was placed between 
the lower and upper decks, where the sides of the ship were 
quite straight in the fore and aft. way, and vertical in the up and 
down. The body was thus made, as it were, rigid or immove- 
able to change of form at that part, and the rest of the structure 
might be considered to be secured from deflection or breaking, 
by being attached to the unalterable combination of this 
portion of the ship. The expense incurred by this system of 
building prevented its being followed generally in the mer- 
cantile navy ; but Mr. Lang, master shipwright of Woolwich, 
has with great success applied the diagonal frame under the 
same principle to the Trafalgar and Royal Albert, first-rates, 
each of 120 guns, and probably Mr. Lang may, have made 
the original application of the system to such purposes. 


PART VIII. 


Shelf or internal Hoop.—May be considered as a Portion of the internal 
Planking worked to reccive the Ends of the Beams.—Sections showing the 
relative Position of it with the Frame of the Ship.—Description of the 
Security used for it. 

SITELF. 

At the height of the under side of the beams which receive 

the several decks or platforms of the ships in the Royal Navy, 

internal ribs of wood are worked longitudinally, the whole 
length of the vessel, to receive the ends of the beams, and 
are thence called shelves ; they may be considered as portions 
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of the internal planking of the frame, and are usually brought 
about or worked, but nof bolted, before the outside plank is 
brought to, as forming a good internal ribband, to preserve the 
form of the ship while the outside plank is being worked, Mr. 
Blake's screws being usually employed to keep it temporarily 
in position. 

Sketch No. 1 shows the section of the frame timber, 
shelf, and beam, as usually practised. The shelf is composed 
of several lengths or shifts; the one being scarphed to the 
other by vertical scarphs, the length of the scarphs being 
governed by their being made equal in extent to two (p. 17) 









Fig. 1. Trig. 2. 
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portions of the room and space given to the timbers of the 
frame. The scarphs are coaked or dowelled together with 
three dowels, aud on bolting the shelf one bolt is generally 
placed through it at each frame timber, except forward and 
aft, where the distance between these bolts varies from 2 feet 
6 inches to 3 feet; the upper surface of the shelf ab, on which 
the beam end rests, should be below a level, to prevent a 
lodgement of water. IF ig. 2 is a section showing the method 
used by Mr. Lang, master shipwright of Woolwich Yard, in 
working the shelf, as doing away with the chocks, which are ne- 
cessary in the plan, Fig. 1, to receive the iron knees that unite 
the ends of the beams to the sides of the ship (Plate 2); this 
arrangement will be again adverted to when that part of the 
structure is described. The bolts used for the shelf are of 
copper, varying in diameter from ?ths of an inch to 1} inch, 
according to the tonnage of the ship and the thickness of 
the body at the several portions of the same ship where the 
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shelf is worked. These bolts should form part of the regular 
fastening of the outside planking, and should be placed as 
nearly square to it as the nature of the work will admit; for it 
should carefully be kept in view that the shortest fastening 
through a given or fixed thickness is to be preferred, as 
embracing twofold advantages—that of strength, together 
with economy in the use of such expensive material as 
copper; and also, that a reduction of copper bolts in length, 
with no diminution in the firmness of the hull, is at- 
tended with the best result to the naval constructor—the 
maximum lightness of the hull of the ship. ‘To exemplify 
this, the accompanying sketch is given as descriptive of the 
lower shelf of most ships, the shelf laying oblique to the tim- 
ber of the frame. 

ab the usual level bolt, cut- 
ting the outside plank obliquely. 

ed the bolt placed square to 
the outside planking, shorter 
than ab, more square to the 
seating of the shelf on the 
timbers, and thence a stronger 
and cheaper fastening. 





PART IX. 


Planking, or placing the Skin on the Skeleton or Frame.—Preliminary 
Remarks.—Description of the outside Plank, considered in the several 
Denominations, of Wales or Bends, Diminishing Plank, Plank of the 
Bottom, and Garboard Strakes, with the Methods of converting and 
working them. 

TO COVER WITH THE PLANK. 

THe frame having been completed in harpins and 

ribbands, and the shelf worked as described, the skinning or 

planking of that frame is next to be accomplished. In both 
the merchant and Queen’s services, the position of the wales 
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or bends, marked n (Plate 2), which are the thickest 
planks worked on the ship, is first razed on the timbers by 
means of long battens, technically called sheer battens, the 
best situation for them having been beforehand determined 
by the practical builder on his drawing ; and it must here be 
advanced that the careful and intelligent practical architect 
will, for economy, strength, and the perfection of his work, 
build his vessel on paper from his drawings and from the 
sections he can make from those drawings. The conversant 
eye of a draughtsman, under such circumstances, can with 
advantage and accuracy scan over the miniature of the ship, 
as shown by his plans; he can by them determine the re- 
lative positions of the several parts of the vast fabric, and 
ensure to them the maximum or greatest strength of com- 
bination with the least quantity of materials. These remarks 
are intended to relate more especially to the fastenings which 
are to pass through the bottom plank of the ship, which 
should be wholly disposed of on paper, to avoid over fastening, 
which causes weakness in the vessel from two considerations— 
unnecessary perforation, or boring of the timbers of the frame, 
and the additional weight given to it, from the fastening, 
whether iron or copper, being in weight more than the wood 
taken out to receive them. 


WALES AND PLANE OF THE BOTTOM. 


The frame of the ship, previously to the plank being worked, 
should be set perpendicular by dropping a plumb-line from 
the centre of the cross-pauls, when the point of the brass or 
plumb-should agree with the middle line of the ship, razed in 
or marked in upon the upper side of the keelson: if it 
should not do so, the shores placed to the ribbands should be 
slacked or loosened on the one side and taughtened or driven 
up on the other, until the point of the plumb touches the 
middle line before described. 

The Cross Pauls are long pieces of plank which have the 
breadth of the ship at particular stations marked on them, and 
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they are secured to the timbers at their stations, to preserve 
the form of the ship while she remains in frame, and until 
the beams are crossed. 

The bends or wales of the ships in the Queen’s service are 
usually of English oak, called, in shipwright phraseology, 
thickstuff, ranning from 44 inches in thickness, in small vessels, 
to 10 inches in first-rates. A representation of the plank, 
or what is termed a shift of the butts of the plank, is made on 
paper by the draughtsman or practical builder, who, in making 
it, must have a cautious reference to the store of thickstuff 
and plank at his command before he determines the lengths 
of the plank or shifts to be used in building the vessel, that 
he may not have difficulties to overcome from the number of 
planks he will require of an assumed over length. The ports 
in ships of war will require consideration when determining 
the butts of the wales *. The English plank and thickstuff, from 
being cut out of trees wide at the butts or Jower ends and 
narrow at the top ends, partake of the character of the tree, 
and thence for cconomy and good conversion require to be 
worked in a peculiar manner, denominated top and butt, or 
the bringing the butt of the one plank to the top of the other, 
to make up a constant breadth in two layers, as shown in 


the figure below. 
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Thus in the two planks, ac and eh, the width of the two 
being 2 feet, it is usual to work what is called the touch (de) 
15 inches, leaving the top ef of lower layer gh to be 9 inches, 
to complete the assumed width of 24 inches, or, if it will assist 


* With reference to having each plank or shift of them in length, the 
space occupied by 2 or 8 ports, thence called 2 or 3 port shifts. 
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conversion, these may be altered to 14 inches and 10 inches, 
making 24 inches. The touch ¢ is taken at 1th the whole 
length of the plank from the butt end. This arrangement 
gives the edges of every other plank parallel to each other, 
styled fair edges. Sometimes English oak plank and thick- 
stuff is worked what is termed Anchor Stock, but this should 
be resorted to only when extreme cases require it, from the 
extravagance of the conversion; it may, however, be worked 
with advantage in the channel wales of line-of-battle ships, 
and the spirketting of them and that of frigates. 


Sketch of two Layers of Plank-worked Anchor Stock. 
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The thickstuff is lined for anchor-stock conversion by its 
being made to hold its greatest width in the middle of its 
length, as ef, when the width of the top end, as ac, will 
determine the reduction to be made in the butt end (6d), bd 
being made equal to ac, and the points cand f, d and f, being 
joined, will give the form of the plank; and the under layer 
will be of the same shape, giving the width of the two together 
as that which would result from adding the breadth which the 
plank will hold in the middle of its length to a similar width 
at the top end. This method gives also a fair edge or line 
for every two layers of plank worked. I‘rom the lower edge of 
the wales, the width of which in large ships extends to 14 or 
16 strakes, the planks have to be diminished in thickness, to 
meet the intended or given thickness for the plank of the 
bottom. Thus, in the first-rate, where the wales are 10 inches 
in thickness and the bottom plank 5 inches, the planks fol- 
lowing immediately under the wales have gradually to be 
reduced in thickness from 10 to 5 inches: the planks which 
are worked to effect this graduation in thickness are techni- 
cally denominated diminishing stuff; and the method usually 
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adopted to regulate.the decrease is to strike two lines a 
tapering lines as follows :— 





_ Under side Upper side 
ee 
of wales. of bottom, 


The diminishing plank being, in the Quoen’s service, of 
English oak, is worked top and butt for economy, whence 
each of the sections marked 1, 2, 3, &c., contains two layers of 
the depth, giving in this example 14 planks to effect the 
diminution from 10 to 5 inches, or nearly {ths of an inch, 
difference between the upper and lower edges of every two 
consecutive planks, or the fair edges of the planks, considered 
as being worked on the top and butt system. 

The plank of the bottom extends from the diminishing 
plank to within five or six strakes of the keel, these latter 
being of elm, and are termed the garboard strakes ; the plank 
of the bottom below the diminishing plank, as far as the sup- 
posed light draught of water, or the immersion of the vessel 
before any weights or stores are placed in her, is, in the 
Queen's service, usually of Dantzic oak plank, the remainder 
of the bottom being of fir to the garboard strakes. In the 
merchant service, the bottom plank is often 4 mixture of fir, 
American elm, and English elm. 

The fir strakes, in the Queen’s service, have invariably the 
after shifts or hoods of oak, for the better security of the stcrn- 
post and rudder, and the fore shifts or fore hoods are of the 
same material where the form of the bow requires the 
plank to have a great curvature or twist in it. 

In working the plank of the bottom, including the wales 
and thickstuff, the earnest endeavour of the practical naval 
architect should be, for the plank to be brought to the timbers 
without having recourse to forcing the plank upwards to the edge 
of that already worked, or that which, in mechanical phraseo- 
Jogy, is called an edge set, should be used as little as possible ; 
it being well known in practice, that the material or planking 
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that would bear the bending one way, may be easily broken 
by an attempt to force it the cross way to that already used; 
and in working the plank, should the edges or the thickness 
of the plank be bruised, and the bruised portions of them 
not be removed, early decay of the plank will ensue from 
the injury which has been received by the grain of the 
wood, The best method to obtain the desirable end—that the 
plank should be worked to the bottom of the vessel without 
being crippled by edge sets, and to meet the circumstance of 
the girt of the midship body of the ship being so much 
greater, from the form given to the vessel, than those of the 
fore and after bodies—is, to pen or bend a broad batten round 
the timbers of the frame, in a longitudinal direction, as a re- 
presentative of the plank, at the breadth in midships, of every 
six or eight strakes of plank, allowing the ends of the batten 
to take their own position on the timbers of the frame. This 
arrangement will give spaces fore and aft, considerably less 
than those set off and determined on amidships, as the space 
to be occupied by the six or eight strakes of planks, which 
decrease of room for the reception of the planks must be met 
by the fore and after shifts or lengths of plank being di- 
minished in their width gradually, all fore and aft of their 
lengths; and should it be necessary, some of the shifts at the 
extreme ends are dispensed with, by the use of what is in 
ship’s carpentry denominated a stealer (see Plate of Expansion 
of Plank). The diminution of the width of the planks at the 
bows and quarters assists the conversion of the plank, as it 
allows of plank being used, that, from having sap or unformed 
wood on its edges, would be unavailable for the breadth used 
for the midship portion of the plank of the bottom *. 


* The fore and after ends of the fore and after shifts of each strake of 
thickstuff and plank are reduced in thickness, that they may be brought 
round the curved extremes of the ship with less labour, and likewise lessen 
the depth of the rabbet in the stern or stern post. As a general rule, the 
thickness of these ends may be taken at 3 of those of the thickstuff and 
plank amidships, in the same strake of planking. 
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The plank should be well seasoned before worked, and to 
ensure as far as possible the durability of the ship, which 
would be seriously affected by the materials used in her being 
green, or having been provided from timber or trees latcly 
cut down, it is highly advisable, after the plank has been hung 
to the frame timbers by Mr. Blake’s screws, that the holes, 
for all fastenings that can be determined, should be bored off 
and left open to the draught of air that will be then drawn 
through them, and thus furnish the means for the internal 
juices of the timbers to be drawn off, and the timbers to be 
well seasoned. 

The planking in former times was fastened to the timbers 
of the frame by long wooden pegs, called treenails, the prac- 
tice being in large ships to place in each timber, through the 
planking, two of such treenails; this was technically denoted 
double fastening. This mode was found to weaken the timbers 
by what has been justly termed their being riddled or made full 
of holes, and this led to the system called double and single, or 
two treenails being placed through the one timber, while each 
consecutive timber had but one in it. ‘Trcenail fastening was 
nearly exploded from the British navy between the years 
1834 to 1848, from the decay that was said to be attendant 
on the use of the treenail; and from the treenail being sub- 
ject to be broken or upset by injudicious caulking of the seams, 
and thence copper bolts combined with a short mixed metal 
bolt-nail were introduced. The greatest evils attached to this 
system, are the additional weight thus given to the hull by 
the copper and metal, which are eight times heavier than the 
wood bored out for their reception; and that the mctal bolt- 
nail has no hold in the timbers, and moreover, if not driven 
with judgment, has a great tendency to split the plank and 
cause leaks. The treenails have, under these circumstances, 
been again resorted to by many practical men, as yiclding 
good fastening with lightness of hull. 

See sketch, following page, descriptive of the several sys- 
tems of fastenings for plank and thickstuff. 


ON SHIP BUILDING. 


spq O ‘teu 3Joq 10 dumg X 





——mm 


ee es ee ey 
— ee a 


ee ef ee 
~ eee ee 





~ 
‘Buruaysey apsurg 


: 


me oe af oof a op oe 











» | io! 
1 | 3 
eo! i oa! ) 
r 4 ( I : 
re) tae ; jo Ee ° 10 ' ie) 
a a a eo; ; 9} og 
' ‘ tot rig | 4 1 10 io i 4 
ee Sa eee eee 
i 14 hone, it s7o j; SE fad iit 
e r ‘ 
: it old fi oF | ri ert a 
' 1 
Ue, 3 fio oer. 1 § of | roe OF 4 
t ass it sf iss t tof 1 4 


| 


46 RUDIMENTARY TREATISE 


The upper strakes of the planking, or those above the 
water, are sometimes connected to the frame of the ship by 
the arrangement shown in the sketch below, and the tie thus 
given to the frame of the vessel and the planking is un- 
doubtedly a good one. 

b the butts of the outside 
planks ; a, dowels placed in the 
timbers immediately adjacent 
to the butts, and in the planks 
above and below the butt, or 
end of the plank, the butt it- 
self being trd and $rds on the timber to ensure wood for the 
reception of the butt-bolt in the %rd wood, while the 4rd 
wood of the timber forms a good stop for the caulking, the 
other butt-bolt being ‘placed in the adjacent timber of the 
frame. 

Positions of the wales, diminishing planks, and the outside 
and inside planking are shown in the Plate (2). 





PART X. 


Inside Plank.—Description of the Limber Strakes, Strakes over the Hends 
and Heels of the Frames of the Ship.—Beams of the Ship considered as 
being connected with the Shelf and Waterway, when the two latter are 
viewed as portions of the internal Planking.—Reference to the Clamps and 
Spirketting.—Trussing between the Ports. 


INSIDE PLANKING. 


Tur first band of plank from the keelson is called the 
limber strakes; a space being left between the side of the 
keelson and the lower edge of these strakes, to form, as it 
were, a gutter for the passage of the water arising from lealk- 
age or other causes to the pumps or pump-well. A rabbet 
is taken out of the lower of these strakes, of which, in a large 
ship, there are usually three on each side, to receive the limber 
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boards or limber plates: the intention of these boards or 
plates is, by their forming a covering to the limbers, to keep 
the dirt, which unavoidably may fall into the hold in stow- 
ing the ship, out of the gutter or limbers, that it may not 
be drawn into the pump-well and choke the pumps; the lim- 
ber plates, so called, when formed of iron, possess the ad- 
ditional advantage of forming a portion of the required bal- 
last, thence giving room for cargo or stores. The depth of 
hold, a standard dimension of the ship, is measured from the 
midship edge of the lower strake of the limbers. 

Point from which the dimen- 


sion of the ship termed the 
depth of hold is measured. 


-_ 


i 
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Limber or watercourse. > Limber board or plate. 


The planks worked internally, next to these, are those over 
the respective heads and heels of the frames; the heads and 
heels are marked in Plate 2, rH, 1 1, &c., and the planks r; 
and the same system should be adopted as was suggested for the 
working of the outside planking—that of pitching or placing 
them immediately over the joints of the frame amidships, and 
allowing the extremes to follow the directions that will admit of 
their being brought to the timbers without an edge set. The 
number of strakes over each line of heads and heels varies from 
two to four in midships, according to the size of the ship, and 
they are invariably reduced in number and thickness at the ex- 
tremes or fore and after parts of the vessel, the decrease in the 
number of them being effected by the process styled stealers in 
the description of the outside planking. Between these thick 
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strakes it is the practice of some builders to work short lengths 
of plank placed diagonally, while others leave the space open ; 
the expense incurred by filling in between these thick strakes 
is not repaid by commensurate strength to the ship, and 
increasing the number of surfaces of wood, in contact with 
each other, is forming so many additional causes for early 
decay of the ship, which should be well considered by the prac- 
tical builder before he loads the hull of the ship with un- 
necessary wood and its consequent fastenings. 


BEAMS. 


The beams are placed across the ship, and in one respect 
may be considered as being to the ship what the rafters 
are to the house, the foundation to receive the floors or 
decks of each; but the beams of a ship are no tie to the 
walls or sides of her; the beams in her do not keep the 
sides from falling outwards or spreading; on the contrary, 
the direct tendency of the beams, when weights such as the 
guns of a man-of-war are placed on the platform or deck, 
which the beams support, is to bring a very considerable 
thrust or push on the sides of the ship to force them out- 
wards. This is observed in practice by the falling of the 
beams on the quarters, or the midway between the middle 
line of the ship and each of her sides, and none can gainsay 
the fact. It would not be well, in this rudimentary work, to 
enter into a scientific detail of the cause of this palpable 
effect; but an elucidation of it may perhaps be afforded by 
the following simple statement :—the beams, which are placed 
across the ship, are set to a round or portion of a large 
circle, that the decks, from being laid upon them, and neces- 
sarily partaking of that round, may throw the water that 
may be used on them when the ship is upright, into the 
side, where holes, technically called scuppers, are placed 
to run it away. Take one of the beams thus considered as 
in the following sketch. 
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The beam a bcd resting on the shelf on either side may 
be looked upon as an arch having for its abutments the sides 
of the ship at ac and bd; the weights placed on the upper 
side of the beam, or such an arch ab, would tend to force it, 
having a round or pitch, ef, into a straight line (as ¢ d), and 
nearly the whole strength of the arch depends upon the abut- 
ments acand bd; for if they be immovable, the arch can 
only be destroyed by the destruction of the materials of which 
it is composed. In the ship the abutments formed by ac 
and bd are unsupported, and have no stableness in them- 
selves, and the beams are only supported at the middle by 
pillars ; and the results are, that on the guns or other weights 
being placed on the decks between the points ¢ and e, or d 
and e, or on what are in nautical terms called the quarters of 
the beams, the round ce or ed drops into the straight lines 
c f ord f, by the horizontal thrust of the beam forcing out the 
side of the ship atc and d. This must cause a weakness in 
the structure, which may be obviated in some measure by the 
under sides of the beams being made straight. The round 
of the decks might still be produced for the recoil of the 
guns and carrying off the water from the decks. The beams 
of small vessels admit of being provided from one piece of 
timber, or of being in one length; but in larger ships, 
their scantling, or width and depth, called in mechanical par- 
lance siding and moulding, coupled with the lengths required, 
will not admit of their conversion being made in one. They 
are therefore composed of two or three pieces, according to the 
store of timber, and are scarphed together by side scarphs. 
The usual method in the Queen’s service is to employ coaks or 
dowels with bolts for the security of these scarphs, as shown 
in the sketch, the length of the scarph being 4th the length 
of the beam (see Fig. 1, Plate 4). 


D 
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The moulded way, or depth of the beam, is less than the 
sided way, which is the weakest form to be given to the 
same area of section, strength increasing with depth; but the 
siding being greater gives under the same quantity of wood a 
greater surface for the deck to rest upon. Mr. Edye, the 
master shipwright of Plymouth Yard, has introduced in these 
latter days a scarph for beams, which had its foundation in 
the key scarph of old date, used by the joiner or house 
carpenter, as also the scarph used by the shipwright to join 
the harpins; it is formed as shown, Fig. 3, Plate 4. 

This scarph does not find many proselytes; and it is the 
firm convictien of the writer of this small work, that, for strength 
and ease of workmanship, it will be found in practice inferior 
to the method of scarphing where dowels are used. 


WATERWAYS. 


The shelf which is worked to receive the beams-ends of the 
several decks may also be considered as an internal hoop placed 
under the beams to increase the rigidity of the frame of the 
ship; and the waterway which is now to be described forms a 
similar tie on the upper side of them. The butts or ends of 
them, which are made unavoidable by the limits of conversion 
of the timber, are not scarphed or overlapped with each other 
ag in the case of the shelf; consistency would make the prac- 
tical builder forego that arrangement in the shelf, if he con- 
siders that the waterway is efficiently united without them. 
They are placed upon a carling between the beams; and on the 
decks having ports, the butts of the waterway should be under 
the port, to give more latitude for the butts of the spirketting, 
which should give good shift to the ports. The butts of the 
waterway and shelf partake of the same arrangement as the 

butts of the outside and inside planking; and there is no ap- 
parent and sufficient mechanical reason why the difficulty of 
conversion which attends the scarphing of the shelf, if repaid 
by additional strength, should not be extended to the other por- 
tions of the planking; namely, waterway, thickstuff, and the 
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plank of the bottom. But, on the other hand, reflection should 
cause the practical builder to consider all the parts of a ship 
as being made to succour each other, and thence not seek to 
complete each portion as perfect in strength of itself; and if 
he came to that just conclusion, the shelf would in common 
with other plank be worked with square butts. The water- 
ways have been subjected to many alterations in shape and 
in their mode of connection with the beams. Good theoretical 
arrangements have been adopted to unite them firmly with 
the beam-ends; but these unions have depended so much on 
good workmanship, which could not be ensured, by even the 
most careful workman, from its being hidden from his view, 
that they would thence not be perfect even if no shrinkage 
took place in the wood—results that practice has proved to be 
beyond the skill of man and out of the course of nature. 
These remarks bear reference to the method of dove- 
tailing the waterways and beam-ends, or that of letting down 
the waterways over the ends of the beams with a score 
or hole wider at the inner edge of the under surface of the 
waterway than at the outer edge. The most effectual way to 
tie the beam-end to the waterway is to dowel the two together 
and bolt the shelf, beam-end, and waterway together. 


< Dowel in waterway and beam. 






© Dowel in shelf and beam. 


at Bolt through waterway, beam, 
and shelf, 


ef Bolt in and out through water- 
way, timbers, and outside 
plank. 


OUTSIDE PLANK 


On the decks intended for the reception of guns, the water- 
way worked as above described was found materially to affect 
D2 
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the training of the guns, and thence the round part (cd,) 
which interfered with the training or pointing of the guns, 
underwent a change by being hollowed out to admit of the 
truck or wheel of the gun-carriage being worked into it. 
ais a section of the waterway, 
with the necessary alteration 
for the efficiency of the gun in 
men-of-war. In the merchant —— 
service, except in the larger 
vessels, thick waterways are y 
not used. 
The inside planking imme- 
diately under the shelf of each 
deck is called the Clamps; while that placed over the waterways 
is distinguished by the technical term of Spirketting. Asa 
more effectual preventive to the beam-ends rising off the 
shelf pieces, from any alteration in the angle made by the 
beam with the side of the ship (p. 49), when the vessel is 
rolling in a sea-way, the spirketting should be dowelled to 
the timbers of the frame, a practical arrangement that cannot 
fail to succour the waterways which form the upper abutment 
or resistance to any movement of the beam-ends; and in 
men-of-war the clamps work down to form part of the upper 
cill of the port; while the spirketting works up to form a 
portion of the lower cill of the same: both clamps and spir- 
ketting are usually bolted edgeways. 


fs 


LOWER SIDE OF SHELF 
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UPPER CILL ‘ 
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The space between the clamps and spirketting is shut in 
with thin planking, denominated short stuff, between the 
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ports. In Sir Robert Seppings’ system of ship building, in 
this portion of the ship the short stuff was worked up asa 
truss-frame, abutment pieces being worked at the sides of the 
ports as shown by the preceding Fig., and Plate 3. 

b are the abutment pieces, and @ the truss, the section show- 
ing the direction given to the trusses placed between the ports 
before the middle of the ship, the truss being reversed in 
position in the spaces between the after ports as shown by c of 
the Iig.: these trusses were so short that little advantage was 
found to attend on their use, and the expense of their prac- 
tical carpentry has caused their disuse. 


PART XI. 


Description of the action brought on the ends of the Beams of a Ship when 
rolling in a Sea.—Methods by which the ill effects of such racking or 
straining has been partially counteracted.—Breast-hooks and Crutches de- 
scribed, as formed of Iron.—Wood and Iron, or wholly Wood.—Transoms, 
their use. 

SECURITY OF THE BEAMS TO THE SIDE OF THE SHIP. 
A sHonrT outline has been given descriptive of the beam of a 
ship, as being first placed on the shelf, followed by the water- 
way being worked above it, and then the process of uniting 
together the waterway, beam, and shelf; the connection 
of these three en masse with the frame of the ship has also 
been briefly pointed out, supposing the beam-ends to have 
no other security than these ribs of thick planks. Suff- 
cient in strength as such a combination might prove for 
vessels built for commerce, it would be found wholly 
inadequate to the rack which is brought on the decks of a 
man-of-war, loaded with heavy guns, when the ship is acted on 
by a heavy sea, and she is propelled by such a large moving 
power as the sails of a vessel of war. Many have been the 
expedients that have been adopted to prevent the working of 
the beam-ends from the sides of the ship; but before any of 
them are given in detail, it will be well to place in a simple 
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and familiar point of view, the causes which produce the in- 
jurious effects which it has been the aim of all practical ship- 
builders to diminish in part, or, if possible, totally to counter- 
act. 





The rolling motion of the ship has been found in practice 
to alter the position of the beam-ends with respect to the 
sides of the ship, or that there is a variation in the spaces 
marked ab andcd, or the measures of the angles that the 
beams make with the timbers. The effect which is produced 
may be thus considered: suppose cd to be on the lee-side or 
side immersed, and a b to be on the weather-side, or the side 
that is raised out of the water in the rolling motion, there 
will be a strong tendency to increase the length of the line cd 
by the beam being raised from the shelf; while, on the con- 
trary, there will be a similar effort to decrease the line ab 
by the force produced pressing down on the shelf. To resist 
these strains, and preserve the fastenings of the ship from 
being racked when subjected to them, should be the earnest 
endeavour of the practical naval architect. That these ef- 
fects shall be wholly neutralized is beyond the skill of the 
shipbuilder, while the sides of a ship are left without support 
as described when the beams were under consideration. Seve- 
ral methods, or sketches of knees, will now be given by 
which this desirable end has in some measure been accom- 
plished (vide references to Plates 6 and 7). 


BREAST-HOOKS AND ORUTCHES. 

To unite the two sides of the ship together at the fore and 
after extremes, or at the head and stern of the ship, in the 
cant bodies, where the floors or lower timbers do not cross 
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the keel, inside timbers are worked ; those forward are called 
breast-hooks, and the after ones crutches. These hooks and 
crutches have equal arms extending across the middle line 
of the ship, at which place, or at their throating, they are the 
widest, or of the most moulding. The lengths given to the 
arms of these hooks is determined by the store of timber, and 
the number of them is at the discretion of the practical 
builder; they are equally spaced between the deck-hooks, 
which latter may be very well included under the same head 
with them, with this distinction, that while breast-hooks are 
placed square to the stem and the form of the bows, by 
which position they cross several timbers of the frame and tie 
them together, the deck-hooks must have their upper sur- 
faces to lay with the round up of the beam, and to the sheer 
of the deck, and that their positions are fixed, from being at 
the heights of the several decks. 

The difficulty which attends on the conversion of timber 
into breast-hooks, deck-hooks, and crutches, has led to their 
being in some instances made wholly of iron; in others of a 
combination of wood and iron; and yet again of wood, under an 
assemblage of parts or pieces. When wholly of iron they are 
strapped over the apron, as shown in the sketch here given. 
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Tron wholly. 


Wood in combination. 
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When composed of wood and iron, two arms of wood, called 
in the trade ekings, are worked, the upper surface of them 
being flush with the upper side of the apron, and on the 
upper side of these an iron breast-hook or plate of iron is 
placed and bolted through the frame-timbers and planks. 
When formed of wood, two ekings are worked, as pointed out 
in the combination of wood and iron, and then a wood hook 
over them, the whole being bolted to the ship’s bottom. 

The size of the bolts used in these ties for connecting the 
sides of the ship at the fore and after boundaries of her, vary 
in size, even in the same hook or crutch, the bolts in the 
throating or the widest part, being larger in diameter than 
those placed at the ends; and the bolts at the throat should 
be placed across each, as shown in the sketch, for wood 
breast-hooks, to bring the fastening square to the outside 
plank for efficiency, and to shorten the bolts for economy 
and lightness. The bolts should also be spaced on the upper 
and lower edges of the depths of these hooks; such depths 
being in the deck-hooks usually the moulding of the beams 
of the respective decks. (Vide also Plate 5.) 

The foundations used to receive the ends of the several 
decks abaft, and to unite the stern to the body of the ship, 
are called deck transoms; they are worked in a similar me- 
thod to those described as deck-hooks for the fore part of 
the ship. In ships with square sterns a transom called the 
wing transom forms the base of the stern. 
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PART XII. 


Framing the Decks or Platforms.—Mast-partners as fitted in the British 
Navy.—As fitted in the French Navy.—Framing to Hatchways and Lad- 
derways.—Riding Bitts, their use and position. Admiral Elliot's Bitts, 
where used.—Flat of the Deck.—Inner Waterways.—In large Vessels, 
how secured.—Ports.—Size, how determined.—Elevation and depression 
of the Guns.—Distances between the Ports.—Limits to such.—Descrip- 
tions of the Port Lids. —Half Ports and Bucklars. 


FRAMING OF THE DECKS. 


Tur beams of the deck having ‘been placed across the ship, 
on the shelf, and the knees worked to them, with the water- 
ways over them, the next work to be performed becomes what 
is technically termed the framing of the deck, or what would 
be called by the uninitiated the mocking out the doorways 
and trap-hatches. Of these, the first in consideration is the 
provision to be made for the security of the masts, called 
mast-holes. The mast-holes are larger in diameter than the 
respective masts at their several heights, by double of the 
thickness of the wedge which is considered to be sufficient 
for keeping the masts in position ; these wedges vary in thick- 
ness from 3 inches to 6 inches, according to the size of the 
vessel. 

The framing for a mast-hole, where deck wedges are used, 
is composed of fore and aft partners, cross partners, and 
corner chocks. The French have usually the cross partners 
of the foremast on the several decks shifting or movable; 
thus providing for an alteration in the position of the foremast 
without much expense being incurred ; the fore-step, or where 
the heel of the foremast is supported, being so framed as to 
admit, within certain limits, of a corresponding movement. 

The hatchways, or doorways from one deck to the other, 
are formed of four pieces ; the two placed fore and aft are 
technically called coamings, while those athwartship are deno- 
minated head ledges. The head ledges rest on the beams, 

n 3 
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and the coamings have pieces of wood called carlings placed 
under them, reaching from beam to beam. 


PLAN. 


aa Coamings. 
56 Head ledges. 


c Carling under 
coaming. 





ELEVATION. 


The carling (c) is worked 2 inches wider than the coaming, 
to form a support to the strake of deck-flat that comes on it. 
The head ledges and comings are dowelled and bolted to the 
beams and carlings. Their height above the beam is such as 
will prevent the sea, if it should be shipped or taken on 
board, from rushing into the hold of the ship. The coamings 
have a rabbet or groove taken out of them to receive gratings 
that are placed over the hatchways, to give a free passage 
across them in time of action. 

The ladder ways are framed in a similar manner, and on 
the deck exposed to the weather there are skylights and 
framings for the galley or cooking range worked on 4 
similar system ; but these minor points can only be alluded to, 
in a rudimentary work of this size. 


RIDING BITTS. 


These may with propriety be includéd in the framing of the 
decks. They are placed forward to receive the cable when the 
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vessel is riding by her anchor, or held from movement by the 
anchor, and are thence called riding bitts. In H. M. Navy, 
from the line-of-battle ship down to the small frigate, there 
are four riding bitts; or, as it is usually termed, there are 
two pairs of riding bitts, such bitts being on the deck imme- 
diately above the water, as the lower deck of the line of battle 
ships and the upper deck of the frigate. The brigs and flush 
deck vessels have only one pair of riding bitts. 

The bitts run through two decks (see sketch, showing 
plan and fittings of riding bitts), and are succoured by a 
standard secured to them by bolts, dowels, &c., as shown ; 
the cross piece completes the holdfast for the cables. Some- 
times, where the deck is confined in space for the work- 
ing of the guns, the arming of the bitts and the form of 
the standards to them are worked on a plan suggested by 
Admiral Elliott. This method of securing the bitts for the 
reception of the cable should never be resorted to but when 
want of breadth in the vessel compels its use, the bitt-heads 
on this principle having been known to be twisted out of 
place by the force of the cable when being worked round 
them. A sketch of them is added. In the merchant service 
the windlass is made to answer for riding bitts, doing the 
double duty of a capstan and riding bitts. A description of 
the windlass will be given when the capstan is under con- 
sideration. 


FLAT OF THE DECK. 


Next to the waterway, at the side (Fig. 2), as before de- 
scribed, a plank 1 inch more in thickness than the intended 
thickness of the platform or deck is worked with one edge 
into a tabbet formed in the main waterway for its reception ; 
this is called the thin waterway, the inner edge being reduced 
to the thickness of the deck plank ; the use of the thin water- 
way is to receive the ends of the decks forward and aft, as 
shown by the sketch in p. 60. In large ships the inner water- 
way should be bolted with short bolts inte the beam, to resist 
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the caulking of the seam of the thick waterway. Thickness 
of deck (Plate 2). (Vide Scheme of Scantlings.) 





PORTS. 


In a man-of-war, or a vessel intended for war purposes, the 
sides above the water are perforated with oblong holes deno- 
minated ports, in which the guns are worked or mancuvred, 
and out of which they are fired. The size of these ports or 
apertures is determined by the calibre of the gun that is to be 
used in them, and the height of the lower part of the port, or 
the upper side of the lower port-cill from the deck, is fixed 
by the height the naval artillerist gives to the centre of 
metal of the gun, or the middle line of the gun when it is 
set horizontal or point blank, when combined with the re- 
quisite depression, or that which will allow of the gun being 
pointed downwards to the extent considered necessary to make 
it efficient; after which, the depth of the ports on the several 
decks, or the up and down dimensions of them, is regulated 
by the required elevation of the muzzle of the gun above the 
point blank position of it. The depression and elevation 
considered effective in the Royal Navy of England is 7° of 
depression, and 9° of elevation, the quadrant being 90 of 
such degrees, or that portion of a circle which denotes a 
range of angle from the horizontal or level portion to that of 
the perpendicular, or what is more familiarly termed plumb. 
The ports are from 7 feet 6 inches to 9 feet apart, according 
to the views of the constructor, who should in this particular 
give the utmost range of which the proposed design will ad- 
mit, as crowded quarters or small spaces between the guns 
lead to confusion in action, and possibly to casualties which if 
a longer and more open platform had been allowed would 
not have occurred ; on the other hand, to this there is a limit 
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fixed by the desirable end that the principal dimensions of 
the ship should be the least possible that will carry with 
efficiency the armament which it has been determined she 
shal] have on board. (Vide description of the Plate to Ports 
and Guns). 


PORT LIDS. 


The apertures through the sides for using the guns, or the 
ports, are closed up in tempestuous weather by the port lids, 
which on the lower decks of the large vessels of the English 
navy, or ships with two armed decks and upwards, are made 
to close the port-hole in one piece, and they are hung with 
hinges on the upper side, which, with the method of fitting 
them, is described in the drawing annexed 


a Port hinges of iron. 

c Illuminator for light when the port lids 
are down. 

& Scuttle in the port, to allow of the rammer 
for loading the gun to be out in bad 
weather. 

d@ Ring bolts to receive the port pendants, 
or the rope or chain to raise the port 
lids. 

ee Rings. Bolts on the inside of the port 
to bar them in by. 





Air scuttles, invented by Mr. Lang, of Woolwich Yard, are 
now fitted between the ports, in lieu of the illuminator (ce). 

On the upper deck of line-of-battle ships, and main-deck of 
frigates, the ports are in two parts; the lower one hung with 
hinges on the lower part of it, called a bucklar, and the upper 
part a half port to put in by hand. 
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PART XIII. 


The Internal Space of the Ship ; how apportioned when fitted as a two-decked 
Ship of War, and appropriated to the usages of the British Navy, arranged 
under the several heads of—Hold ; Orlop; Lower or Gun Deck; Main 
or Upper Deck ; Quarter Deck, Waist, and Forecastle ; Without Board; 
including a few cursory remarks on the Fittings required for the Sailing 
Evolutions of the Ship. 


THs numerous fittings of a man-of-war will next be given, 
although much of the finish of the hull of the vessel has 
necessarily been omitted, from the restricted space afforded in 
this rudimentary volume for the details of such a vast and 
complicated structure as a first-rate man-of-war. The pro-~ 
minent features of the vessel have been briefly described ; if 
even such, had been attempted for the minutiss of it, this small 
volume would in bulk have greatly exceeded its limits. 

The inside of the ship having been apportioned into divi- 
sions or floors by means of the several decks or platforms, 
these again are subdivided each within themselves, and appro- 
priated respectively to the accommodation of the officers and 
men, to the stowage and keeping of the water, powder for the 
use of the great guns and small arms, andsprovisions for the 
ship’s company, and the stores requisite for service at seéa. 
This internal arrangement admits of much controversy, and 
rival constructors and most naval commanders have their own 
opinions on the most advantageous position for the weights 
the ship has to receive on board. In this elementary work, an 
opinion of the merit or demerit of particular plans for stowage 
ought to have no place; but it may be considered within its 
limits if the hint is advanced, that in disposing of the several 
portions of the floors or decks, due regard should be paid to 
the use to which it is intended to apply them. As an in- 
stance, in the main hold, or store-room for water, care should 
be observed that the bulk heads, or what may be considered 
the walls of it, should be sufficiently far apart to allow 
of there being stowed between them without overlength a 
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certain number of iron tanks for holding the water; the tanks 
denominated 2-ton tanks are in length from out to out 4 ft. 
14 inch; the hold should thence be in length a multiple of 
4 feet 14 inch, so as to take in four, five, or six, &c., lengths 
of tanks, and have no broken stowage. The same rule should 
be observed in the provision rooms that are stowed with casks, 
and the naval constructor will be more likely to succeed in 
his design when a system is pursued by him in such measures. 


HOLD. 


The hold is the internal lower part of the shell or hull, and is 
wholly taken up as a deposit for provisions, water, and stores. 
The divisions of it in a man-of-war may be classed as follows ; 
premising that the bulk heads by which the compartments are 
formed are made of 38-inch plank, sometimes worked up and 
down, at other times athwartships with stantions; but in both 
instances coming to a beam. Commencing then from forward, 
the store rooms of the gunner, boatswain, and carpenter, or 
warrant officers, are placed; within which are the sides of the 
fore magazine or powder store, and its light room or room to 
receive lamps to light the magazine. Next aft to these comes 
a coal-hole, then the fore and main holds for the water tanks, 
inclosing the pump well or space for the reception of the pumps, 
and lockers or boxes for chain cables and shot, which are thence 
centred round the main or principal mast; such being the 
position given to them to concentrate the weights for the easy 
motion of the ship in pitching against a head sea. The after 
hold next follows, in which is placed what are technically 
called the wet provisions, or beef and pork in brine, in- 
closed in casks; the portion of the hold next to this re- 
ceives the dry provisions, namely, oatmeal, peas, covoa, &v. ; 
while aft again of it is the spirit room, or store for the rum 
and wine for the ship's company, and then there is usually a 
coal-hole, inclosing the after magazine or store of powder for 
the guns at the after part of the ship; and the extreme 
after part, which now alone requires to be alluded to, is 
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reserved for the bread room, in which the biscuit is stored in 
bags containing 2 cwt. each, and occupying a space of at least 
5 cubic feet each bag. In latter days, to form some protection 
to the powder magazines from shells, when fired by an enemy 
in action, water in tanks is placed round the sides of them. 


ORLOP. 


Leaving the hold and coming on to the orlop of a line-of- 
battle ship, there are, forward, the upper store-rooms of the 
gunner, boatswain, and carpenter,—and next aft to them, the 
cabins allotted to those officers as living and sleeping places. 
Other cabins are to be found in this part of the ship, coming 
on the same range, for the junior marine officer and pilot, &c. 
The cable tiers or store-rooms for the hempen cables follow, 
one on each side; the centre part between them being occu- 
pied by the sail-room, which extends from fore hatch to 
main hatchway, a position which facilitates the stowing or 
removing of the sails. There is a clear passage kept round 
the ship, which is called the wings, and is strictly preserved 
as such, to enable the carpenters of the ship in action to have 
easy access to the sides of the vessel to plug up the holes 
made by the shot of the enemy between wind and water, or 
at the surface of the sea, which holes would otherwise en- 
danger the safety of the ship. 

Aft of the main mast on this deck, on each side of the 
ship, are cabins for the officers, and store rooms for the 
reception of their private stock of wine, &c.; the centre part 
between them, which is fitted up with an amputation table, for 
the use of the surgeon in time of action, is called the cock- 
pit; in this portion of the ship the midshipmen sleep in 
hammocks slung up, similar to those used by the seamen. 


LOWER OR GUN DECK, 

The platform on which the heaviest guns to be carried in 
the ship were formerly placed; but in modern times the use 
of steam vessels, a class of vessels that will in the following 
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pages be briefly alluded to, armed with very heavy guns, and 
those possessing a long range, has caused the introduction of 
guns of similar metal on to the weather or highest decks of 
the sailing ships of the line, to render them more efficient. 
The guns in the sailing vessels or ships of the line being on 
the poop and forecastle, it places them considerably above 
those on the deck of the steam vessel, and necessarily gives 
them a greater and more effectual range. On this deck are 
the riding bitts (vide Plate of them), by means of which the 
hempen or chain eables to the anchor or anchors are attached 
and secured to the vessel, for riding the ship when required. 
At the after part of it the tillar, or governor of the move- 
ments of the vast fabric, is placed, inserted into the head 
of the rudder; the ropes by which the required positions of 
the tillar are effected being led by blocks to the steering 
wheel, which is placed on the quarter deck. The effective 
and easy direction of the intended course or road of so large a 
body as the first-rate man-of-war, has in all times taxed the 
ingenuity of the shipwright and mechanic; and thence plans 
have been patented and partially adopted which, in a few 
months, or at the most a few years, have been condemned by 
practice. ‘The following method of fixing the blocks for steer- 
ing a ship has been found to ensure steadiness of motion in 
the rudder, to prevent any sudden jerk on the wheel, and to 
enable the helmsman to reverse the position of the rudder 
immediately it is required. Assuming that the tillar is to be 
moved by the double rope on each side of it, passing through 
blocks at the end of it, the quantity of rope required under the 
usual fitting to string it is the most when the tillar or helm is 
amidships, whence any movement from the middle position of it 
will give a slackness to the tillar rope on the one side, and 
allow of the force of the waves, when striking the rudder, to 
jerk the wheel; but there are positions for the fixed points 
and blocks, which have been determined by the aid of mathe- 
matical reasoning, that will give an equal tension on all por- 
tions of the tillar ropes, and in every position of the tillar. 
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Description of the diagram 
of @ tullar thus fitted—a sec- 
tion of the head of the rudder; 
a being the centre of it and 
centre line of the pintles. 6b 
position of the blocks at the 
end of the tillar, to receive the 
ropes, the tillar ab being amid- 
ships, or being in the fore and 
aft direction of the ship. Di- 
vide the distance ab into three 
equal portions, of which bc is one, having previously swept 
the tillar down to describe the circle developed by the end of 
it. The point c, squared athwart the ship to meet the circle 
described by the end of the tillar at d, will give the position 
for the standing part of the rope; and the point f, set off , of 
the length a b, or the length of the tillar from 6b, squared 
across the ship; and fe, taken as 14 of cd, will give the point 
for the station of the tillar block at the side of the ship. 
These points, thus practically determined, will ensure that 
the rope, roved through blocks placed at them, will move 
the tillar through the angle of 45° from the midship position 
on each side without any slack rope being caused by it. On 
this deck, at the extreme after end of it, the mess-place of 
the midshipmen, or what is termed the gun-room, is situated, 
formed by the after part of this deck being separated from 
the whole by a bulk-head or screen. 





MAIN OR UPPER DECK. 


This platform, on which the guns are not so heavy as those 
placed on the lower or gun deck, is termed by naval men the 
main deck, while by the shipwright it is called the upper deck. 
From the seamen it inherits this seeming contradiction in 
name from this deck having in former times been the place 
to which all the ropes were led for working the sails of the 
ship, and thence it became the scene of greater activity and the 
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‘‘main” point or centre of the evolutions of the ship. The 
shipwright calls it the upper deck, in consequence of its re- 
ceiving a perfect upper line of battery, or that the guns on it 
range fore and aft of the ship, or through her whole length. 

On this deck, in addition to the arrangements required for 
the efficient working and training of the guns, riding bitts 
have been placed in modern times for anchoring the ship; 
and on it all the requirements in the shape of bitts and sheaves 
are still fitted for working the sails as heretofore, though they 
are not generally used, except in bad weather. This plat- 
form at the after part is divided off into small rooms or 
cabins, each inclosing a gun, to form the sleeping berths of 
the ward-room officers of the ship; consisting of a commander, 
lieutenants, master, surgeon, purser, and marine officers. 
The centre part, between this row on each side of small bed- 
rooms, is apportioned as a mess-room for these officers. This 
arrangement includes also a steward’s room or pantry, and 
other requisites for ensuring the comforts of gentlemen who, 
under the most favourable circumstances, have not in their 
possession the most enviable berth under the service of the 
Crown. 


QUARTER DECK, WAIST, AND FORECASTLE. 


On the forecastle, or foremost part of this deck, the neces- 
sary mechanical expedients for bringing the anchor from the 
water when raised by means of the capstan (vide Appendix), to 
its surface are placed. ‘Two horns, as they may be termed, are 
fixed one on either side of the ship outside, and are called cat- 
heads; each of these have sheaves or pulleys in their outer ends, 
afffl have a rope passed through them, and a block termed a cat- 
block to form a tackle or pulley; the block having a large 
hook worked as a part of the binding or holding of it, which 
hook is called a cat-hook; and this it is which is hooked into 
the ring of the anchor when it appears above the water and 
the anchor is thence, by the purchase or power which has been 
described, or what is called the cat-purchase, raised to the 
cat-head, and hangs suspended from the outer end of it; 
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in this position it is denominated as being at a cock-bill. To 
raise the lower end of the anchor, or technically to fish 
it, and stow the flues or spade-like arms of it against the side 
of the ship, an outrigger with tackles, called a fish-davit, is 
used ; the anchor then usually lays with the shank to the 
sheer or longitudinal line of the side of the ship, and the 
pea of it, or the extreme point of the flue, rests on what 
is mechanically termed a bill-board. To keep the anchor 
in this position there are cat-head stoppers or lashings 
and shark painters or ties, and these have various ingenious 
contrivances for facilitating their being let go, when required 
for anchoring the ship; those usually fitted were invented by 
a Mr. Spencer of Chatham Yard, and are known in the service 
by the name of Spencer's slip-stoppers. Mr. Blake, lately master 
shipwright of Portsmouth Yard, has also a fitting or method 
for the same desirable end; but the nut-shell which this rudi- 
mentary work presents for the reception of even the mere 
technical terms adopted by the shipwrights, must and will be 
received as a just and sufficient reason for no details being 
given of these useful inventions. There are on the forecastle 
holes through the bows of the ship, called fair leaders, for the 
ropes called sheets, connected with the head sails or those 
by which they are strained to the wind. Bolts are also placed 
round the masts to receive blocks for ropes to lead through 
from the respective yards and sails on the fore mast; and to 
the side of the ship immediately in the wake of the shrouds 
(or supports made of rope) to the lower masts, pin-racks, or 
pieces of wood with sheaves or pulleys in them to receive 
ropes and pins to which to belay those ropes, are bolted. 
In the waist, or between the fore and main masts, the hea¥y 
boats, called severally the launch and pinnaces of the ship, 
are stowed on what are termed the skid-beams; the deck of 
the forecastle and quarter decks are stopped short at the waist 
amidships, which is thus left open; the passage to and from 
forecastle to quarter deck being preserved by the deck at the 
sides of the ship going through and forming what are called 
the gangways. 
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The main mast has bitts round it and pin-racks similar to 
the fore mast. The cabin for the captain is on this deck, 
under another after deck, which is termed the poop. Guns 
are carried on the forecastle and quarter deck, but not any to 
the waist or on the poop, except in the ships of modern con- 
struction, which have been armed with large guns to meet the 
steam warfare. On the outside of the ship, at the height of the 
poop-deck, long pieces of wood or of iron, named davits, are fixed 
for hoisting the boats, carried on the quarters, out of the 
water and securing them while at sea. Similar davits are 
fitted to the stern at the same height. On the stern also a 
life buoy on each quarter is fixed; means being furnished 
for letting it overboard immediately in the day-time, should a 
man fall into the water ; and should a similar accident occur at 
night, the life buoy is so ingeniously contrived that a port- 
fire can first be fused or lighted, and then the buoy be let go, 
presenting by the light thus shown, a greater chance for the 
man to discover the buoy in a dark night, and for a boat from 
the ship to find both man and buoy, should he have been suc- 
cessful in reaching it. This description of buoy, which has 
for many years been fitted to all ships in the British Navy, 
was invented by Lieutenant Cook of that service, who must 
feel heartfelt gratification in having thus been the means of 
saving from a watery grave many a brother sailor. 

On the rough treerails all round the ship, what is termed 
hammock netting (see sketch of Hammock Netting, p. 71), is 
placed for the reception of the hammocks or beds of the 
sailors, which are stowed or placed in them during the day for 
a two-fold purpose: one, of forming a protection for the men 
from the effects of the fire of the small arms of an enemy 
during an action ; and the other to have a clear ship below during 
the day-time. The men in a line-of-battle ship usually sleep, 
or, as it is technically called, “‘ hang up,” on the lower deck, or 
the deck which carries the tier of guns nearest to the water; and 
the hammocks when brought up from below, and stowed in the 
hammock nettings, are protected from the rain and the sea by 
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painted canvas, termed hammock cloths. On the outside of 
the ship, arrangements are made for the rigging and sailing 
of her. The sketch below, marked Knee of the Head, shows 
the formation of the fore extreme of the vessel beyond the 
stem, giving the contour considered necessary for the ap- 
pearance of the ship, and forming a base for the security 
of the bowsprit, by what is termed the gammoning; it 
also affords space for the arrangements required in the head 
of a vessel for a crew so numerous as that of a man-of- 
war. The figured dimensions on it are the sizes of bolts, in 
inches, driven in the knee of the head of a small man-of-war 
for fixing it. The channels, as outriggers to the shrouds or 
the supports to the lower masts, are the heaviest work. The 
breadth of them from the side is governed so that the shroud 


Sketch of Knee of the Head. 
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a, Figure head. %, Independent piece. ¢, Gripe. d, Chocks to fill up 
the knee. 
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or rope, when in place, may be 6 inches clear of the hammock 
rail (see sketch of Hammock Berthing.) The chain plates, as 
they are styled, are sometimes formed of links of iron. Bars 
of iron at other times form the communication from the rigging 
to the side of the ship. Great objections have been urged 
against the use of channels, as being subject from their ex- 
posed situation to be damaged by the force of the sea, and 
that of collision, should vessels run into each other ; and plans 
have thence been put forward that in same cases have brought 
the direct strain from the masts ta the upper side of the top 
side, to its manifest injury, and to the insecurity of the masts : 
while in others the channels have been formed by mere 


Hammock Nettings. 
No. 1. 


STARTIONS 


OF 





No. 1.—(a) Hammock stantions of iron, with horns to receive the rails 5. 
(t) Rails, 3 inches by 2} inches, to form with berthing or board of % ineh 
thickness, boxes for and aft the ship for the hammocks, (c) Rough treerail. 

No. 2,—The same, made wholly of wood, with the same references, 
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bolsters worked on the side. The latter may be effective 
when used in ships where the breadth or width of them is 
unnecessarily great, and where great falling in of the sides 
has been the form given to the top sides of the vessel ; and the 
removal of the channels from the sides of merchant ships 
may be desirable, from the convenience thereby afforded 
for their being placed in tiers or rows in a harbour, when 
lashed alongside of each other. At the bows, or fore part 
of the vessel, on each side, a wooden or iron outrigger, 
termed a boomkin, is placed to receive the lower end of 
the fore-sail, or what is called the fore-tack. There are 
also blocks or sheaves or pulleys let through the sides of 
the ship to admit the ropes which confine the ends of the 
sails, which ropes are technically termed ‘“sheets;” thus 
there are fore and main sheets, boom sheets, &c. <A ladder 
is also in these modern times fitted outside the ship, from 
the edge of the water to the gunwale at the entering port, 
which affords accommodation to visitors and the officers of 
the ship: in former times such things were considered un- 
necessary. The boom for the lower studding sail, or out- 
rigger for that sail on the fore mast, is made to answer in 
harbour when the ship is at anchor as the security of the 
boats while afloat, and is not unaptly styled the guest warp 
boom, from the boats of visitors being secured to it while they 
are on board. There are numerous other minor fittings which 
are required to make perfect the hull and the requisites for the 
sails used for moving such a vast body as a ship of war; and the 
minutie of them would, if given, be only intelligible to those 
whose paths are on the deep. A rudimentary work, as being 
the boat to the ship of science, is not intended or expected to 
carry the whole cargo of the ship at one trip, but this small 
work, although thus restricted, may nevertheless be productive 
of essential good, by giving to the youthful mind a bias towards 
the attainment of useful and practical knowledge upon the 
subject of naval architecture, involving as it does the welfare 
and stability of England as a Nation. 


~~ 
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PART XIV. 


Measurement of a Ship or Vessel by the old Rule for Tonnage.—Rule given 
in detail.—Remarks on the Causes of the Rule as being a faulty Approxima- 
tion to the true Capacity of a Ship.—Rule practically applied to the 
Measurement of a Man-of-War.—Diagram showing the Method of ap- 
plying the Rule. 


Measurement of the Tonnage of a Ship, or a supposed anproai- 
mation to her Capacity for carrying Cargo, by the old 
System of ascertaining what is termed the Builders’ Tonnage 
of her. 


THE general terms of this rule are these: that Burthen in 
tons = Length of Keel for Tonnage X Breadth for Tonnage X 
4 Breadth for Tonnage, divided by ninety-four. 

These terms are determined on the draught of the ship, or 
taken off from the vessel when built, according to the following 
APPARENTLY arbitrary considerations :— 


LENGTH OF THE KEEL FOR TONNAGE. 


The capacity of a body is comprised under three dimen- 
sions; length, breadth, and depth. It would thence seem, 
that in forming a rule that was to ascertain the capacity of a 
ship for cargo, a length was taken that might fairly be con- 
sidered to comprehend that portion of her which could be occu- 
pied by her lading, which length was called ‘“‘ Length between 
the perpendiculars for tonnage.” This dimension by the rule is 
ordered to be taken as follows: The fore extreme to be at the 
fore side of the stem (a, sketch for Tonnage), at the height 
of the upper deck in two-decked ships of war, frigates, single- 
decked vessels, and merchant ships, and the middle deck of 
three-decked ships; and the after extreme to be at the back 
of the main post (6), at the height of the wing transom in 
square-sterned ships ; and in ships with elliptical sterns, where 
the same height of the upper deck of two-deck ships, &c., or 
the middle deck of three-decked ships, cuts the line of the 
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counter; these points to be squared down to the line of the lower 
edge of the rabbet of the keel produced, and the distance be- 
tween these intersections to be the ‘‘length between the perpen- 
diculars for tonnage” (cd). This length, if taken as a measure 
of the length for capacity, would manifestly be doing so without 
regard to any contractién of the length in the lower part of 
the hold of the ship, which might arise from the rake given to 
the extremes, or that of the stem and stern post; but the 
rule, with a view to meet this consideration, diminishes the 
‘‘length between the perpendiculars for tonnage”—first, for 
the rake of the stem, and, secondly, for the rake of stern post. 
The deduction to be made for the rake of stem is to be obtained 
by taking 3ths of the ‘‘ breadth for tonnage ;” while that for 
the rake of the stern post is to be the result which arises from 
allowing 24 inches for every foot that the upper side of the 
wing transom at the middle line, in square-sterned ships, is 
above the lower edge of the rabbet of the keel (ed), or the 
same ratio per foot in ships with elliptical sterns, for the height 
of the intersection of the counter line with the back of the 
main post above the same base; and the sum of these two 
estimated deductions is to be taken from the ‘length between 
the perpendiculars for tonnage,’’ to give the ‘‘ length of the 
keel for tonnage.” 


BREADTH FOR TONNAGE. 


A dimension to be obtained by subtracting from the ex- 
treme breadth of the ship, at the height of the wales, the 
excess in thickness of the wales over the thickness of the 
plank of the bottom; thus a ship is in breadth from outside 
to outside of the wales 60 feet—the wales being 10 inches 
thick, and the bottom plank 5 inches; the excess of the wales 
in thickness over that of the bottom plank would in this 
example be 5 inches on each side; which gives 10 inches to 
be deducted from the extreme breadth of 60 feet for the 
“breadth for tonnage,” so that the ‘breadth for tonnage” 
would be 59 feet 2 inches. 
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The “keel for tonnage” and “breadth for tonnage” of a 
ship having been thus estimated, the builder's tonnage of her 
as shown by the equation will be known, by multiplying the 
‘* keel for tonnage” by the “breadth for tonnage,” and that 
product by ‘‘half breadth for tonnage’—the last product 
being divided by the number 94: the quotient thence arising 
will be the number of tons the ship was formerly registered as 
being able to carry. This rule, used as the test of the quantity 
of cargo that a vessel can carry, is absurd, one dimension 
which is so essential towards ascertaining the real capacity of 
her being left out in the calculation, viz., the depth; so that 
two ships having the same length and breadth, but the one 
being double the depth of the other, would nevertheless bear 
nearly the same nominal tonnage: in fact, the deeper ship 
would be the lesser one in tonnage, from the greater height 
of the wing transom (ab) in her above the lower edge of the 
rabbet of the keel, causing a larger deduction to be made for 
ascertaining her “keel for tonnage,” giving thereby a less 
length for it and consequently for calculation ; while it will be 
easily understood, that the double depth, all other things re- 
maining the same, could not fail to give to the smaller regis- 
tered tonnage vessel by rule, the power of carrying double cargo. 
It was this anomaly that tied the hands of the British merchant 
shipbuilder from making an effort towards any improvement 
in the forms of the mercantile navy of this country, and 
made the ships for commerce square and deep boxes with the 
ends rounded off for steerage: attempts have been made to 
dispel this bugbear to good properties in the ships forming 
the mercantile navy of this country; and, having given a 
practical example of this ancient method—for it is still per- 
petuated in the navy, where it is used as forming a standard 
of comparison only—another rule will be given, authorized by 
act of Parliament, by which it has been endeavoured, through 
the means of a series of internal measurements, to form an 
approximation to the cubical contents of the internal space 
or hold of a ship which it is intended should be occupied by 
the cargo or lading. 
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Example of the Old Measurement of Tonnage on a Vessel of the 
following Dimensions. 


Ft. in. 
“Length between the perpendiculars for tonnage,” or a6 of fig. . 180 10 
Breadth, extreme, from outside to outside of wales . . . . . 49 53 
Wales in thickness . . 1. «. «© © © «© © © © «© © « 
Bottom plank in thickness . . QO 44 
Excess of the thickness of the wales ‘over that of the bottom, 8} 
inches, or both sides . . 2. «. «© © © © © © © ew ew © OD F 


From which the “breadth for tonnage” for using the rule will become as 
follows :-— 


Breadth from outside to outside, as above. . . . 49 5% 
Excess of wales over plank of bottom . .... 0 7 





“ Breadth for tonnage”. . . »« « © « « «© «© 48 10% > 





Whence, for rake of stem, ?ths of the “ breadth for tonnage” os 3ths of— 


in. 
48 10§ 

x 8 
5)146 84 


29 4 








Which is the deduction that is to be made, according to the rule, from the 
“length between the perpendicular for tonnage” for the rake of the stem of 
the vessel. 

The deduction to be made in fect and inches for the rake of the stern post 
will in this example be found, by the height of the wing transom above the 
lower edge of the rabbet of the keel, as (@), being taken by measurement ; 
and, supposing it to be 22 feet 9 inches, the rativ of 24 inches for every foot 
of that height will give the sum to be subtracted—thus 


Ft. in. 
22 “9g 
x 3 inches 





inches 45 6 
114 
divided by 12)56”10 = 
The deduction to be made from the “ length between the] __ 48 
perpendiculars for tonnage” for the rake of the atern on — 5 
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Whence, adding these two together, viz.— 
Ft. in. 


Deduction to be made for the rake of stem. . . . 29 4 
Ditto ditto ditto post... . 4 8% 


34 OF 








Will give the total reduction in feet and inches that must be made in the 
“length between the perpendiculars for tonnage” to obtain the “keel for 
tonnage” of the rule; or the ‘keel for tonnage” in this particular ex- 
ample will be found by taking from— 


Ft. in. 
186 10 Or “length between the perpendiculars for tonnage.” 
34 0% = Deductions for rakes of stem and post as above. 


Leaving 152 94 for “keel for tonnage.” 





Whence burthen in tons = 
‘« Keel for tonnage” x “ breadth for tonnage” < 4 “breadth for tonnage” 
ee 94 


152 ft. Opin. x 48 ft. 103in. x 
By substitution = 94 


48 103 
_ 2 


= 152-76 x “ x 24°45 <= 194299 tons, 


In schooners, cutters, and open boats, the ‘length between 
the perpendiculars for tonnage” is taken, from where the line 
of the lower edge of the rabbet of the keel is intersected 
forward by the squaring down of the fore-side of stem at the 
bed of the bowsprit, and measuring the length from this 
point to where the lower edge of the rabbet of the keel, if 
produced, would cut the aft side of the main post; the 
deduction from this length for the length of tonnage being 
only that arising from taking 3ths of the “breadth for ton- 
nage” for rake of stem; the rake of post being considered as 
accounted for by the above measurement; the rest of the rule 
the same as for other ships. 

That the perpendiculars placed on the draught or drawing 
for a man-of-war may not be mistaken for the “‘ length between 
the perpendiculars for tonnage,” it is ordered that the former 
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shall be taken from the aft part of the rabbet of the stem to 
the fore part of the rabbet of the post at the height of the 


upper deck. 


PART XV. 


Measurement of a Ship or Vessel by the Rule for Tonnage, enacted by Acts 
of Parliament of the 5th and 6th years of the reign of William IV.—Rule 
given in detail.—Rule applied practically to the Measurement of a Vessel. 
Diagram showing the Method of Application.—Necessary Deductions to 
be made when the Vessel measured by the Rule is to be propelled by 
Steam.—Short Description of a more satisfactory Method of obtaining the 
real Tonnage or Burthen of a Ship, whether intended for War or Com- 
merce. 


TuE tonnage by Act of Parliament, which, in practice, is de- 
signated New Tonnage, was formed to be an approximation to 
the internal capacity of the ship under the deck or the 
measurement of the hold in cubic feet of space, and thence 
to enable a determination of her tonnage to be made. 


DEPTHS FOR TONNAGE. 


Under this rule, it is enacted that the length of the upper 
deck, or of the upper part of the hold intended to be used for 
the stowage of goods, be measured at that height from the 
after part of the stem to the fore part of the stern post; and 
that such length be divided into six equal parts; and that at 
the foremost, middle, and aftermost points of division thus 
fixed, the depths from such points of division to the ceiling 
or internal planking at the inner edge of the limber strake, or 
the edge nearest to the middle line, be measured in feet and 
decimal parts of afoot: the dimensions thus taken are denoted 
‘ depths,” and are shown on the fig. as ce, hf, dg. Should 
there be a break in the deck, or should the deck not be con- 
tinued fore and aft the vessel, these depths are to be 
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measured from a line stretched along as a continuation of the 
deck. 


BEEADTHS FOR TONNAGE. 


Divide the depths at each of the three stations, ce, hf, dg, 
thus selected, into five equal parts, and at these divisions of 
the depths measure the breadths of the internal form or inside 
of the ship on lines squared across the ship at the points or 
positions of the several depths that follow— 


Foremost station or division, when fat 4 \ , 
divided into fifths in the depth | and 4 f °™ the upper deck ; 


Middle station or division, when fat 2 ; 
ut 4 divided into fifths in the depth and i } from the upper deck ; 


Aftermost station or division, when fat 1 : 
@9 7% divided into fifths in the depth ‘| and 4 } from the upper deck ; 


ce 


which measurements are defined ou the sketch where the 
divisions are marked off and given in figured dimensions. 


LENGTH FOR TONNAGE. 


For the dimension to be used as length, it is enacted, 
that such length be taken at the height of the middle of the 
midship depth, on a line parallel with the upper deck, and in 
length from the after part of the stem to the fore part of the 
stern post (/). These dimensions of depth, breadth, and 
length being thus taken, they are to be prepared for use by 
the following enacted regulations :-— 


DEPTHS. 


To twice the depth at the midship division, hf, add the 
depths at the foremost, ce, and aftermost, dg, divisions— 
which call the sum of the depths. 


BREADTHS. 


Of those taken from the foremost section, c e, add together 
the breadths taken at the 3 and # divisions of the depth of 
that division. 
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Of those taken from the middle section, hf, add together 
three times the breadth at 2, and once the breadth at the 4 divi- 
sion of the depth of that division. 

Of those taken from the aftermost section, d g, add together 
once the breadth at + and twice the breadth at the # division 
of the depth of that division. 

The sum of these multiples of the breadths will give the 
sum of the breadths for tonnage. 

The elements having been thus determined, the enacted . 
rule may now be stated with a chance of its being under- 
stood, viz., that: ° 
sum of depths X sum of breadths x length for tonnage. 


Tonnage = maar 


From a careful inspection of this rule, it will be found that 
the arbitrary character of the old rule is not wholly lost in 
the new, and that something yet remains ta be done, to 
make the measurement of a ship for the burthen carried by 
her as just and certain as the meat weighed from the scales 
of the butcher: an example of this system is given, and then 
a method will be suggested which would seem to be not liable 
to serious errors, and easy of application. 


References to the Diagram, p. 75. 

ab, Length at the upper side of beams, being taken from the aft side (a) of 
the stem to the fore side (J) of the stern post. 

ac, One of the divisions of that length, or 4 of a } from (a) on the aft side 
of stem. 

bd, One of the divisions of the length, as ac, or } of a b from (6) the fore 
side of the stern post. 

ce, The depth at the foremost division (c), measured from (c) to the point (e), 
considered well with the upper part of the limber strake at the edge 
next to the keelson and equal to 27°75 feet. This depth (ce) is divided 
into five equal divisions, and the breadths taken at the depth of 3 


) 4 = 37°16 feet. 
and 4, as marked on the fig. 4} =1912 ,, 


hf, The midship depth measured = (as for ce) 27:4 feet, which is also divided 
into five equal parts, and the breadths taken at the 2? and 4 depths, as 

= 37°9 feet. 
marked on the fig. 13 = 280 = 


Es 
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dg, The depth at the aftermost division d = 26-0 feet, measured as for c ¢ 
and hf, divided into five equal parts, and the breadths taken at the 


1 and 4 depths, as marked in the fig. {} = pets 


& i, The length taken through the middle division of the middle depth, being 
the length at that height from aft side of the stem to the fore side of 
the post, being on the fig. 214 ft. O in. 


These dimensions will yield the following results by the 
rule :— 


SUM OF THE DEPTHS. 


Multiplier 
Feet. by it Feet. 


ce, Foredepth . . . «. - © © m= 2775 &K 1 = 27°75 
hf, Midship ditto . . . 0... «== 274 x B = 5480 
dg, After depth . . ° ° ° ° e _— 26:0 x 1 = 26:00 





Sum ofthe depths . . . . 108°55 





5UM OF THE BREADTHS. 


by rule. 
Fore division, ce, at } depth. Breadth = 87:16 x 1 = 87:16 
29 ” ry) 4 » ” = 1912 x 1= 19:12 
Middle division, if, at? depth. Breadth = 37°99 x 3 = 1138-70 
9 ” a F] ” ” = 280 x 1= 28:00 
After division, dg, at 4 depth. Breadth = 37°27 x 1 = 87°27 
” ” ” 4 ss ” a= 14990 X 2 = 29°80 





Sum of the breadths by rule. . . 265°05 





% t, Length for the tonnage taken at the height of the middle division of the 
midship depth = 214 ft. 0 in. 


Whence, in this example,— 
Tox aie sum of the depths < sum of id mreadihe x length for tonnage 


__ 10855 X 265-05 x 214-0 __ é 


In applying this rule to steam vessele—the same method 
is to be pursued, and a deduction to be made from the result 
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for the cubical contents of the engine room, which contents 
are to be estimated as follows :—Measure the inside length 
of the engine room in feet, and decimal parts of a foot, from 
the fore to the after bulk head of such engine room—then 
multiply the said length by the depth of the ship at the mid- 
ship division, / /, as aforesaid, and that product by the inside 
breadth at the same division, Af, taken at ~ of the depth from 
the deck, or as before taken, 87°9 feet; this product divided by 
92-4 will give a quotient that is to be considered the tonnage 
due to the cubical contents of the engine room, and further, the 
amount to be deducted from the calculated tonnage by the rule; 
and by the same Act of Parliament it is further enacted, that 
the tonnage of all ships or vessels, whether belonging to the 
United Kingdom or otherwise, if there shall be occasion to 
measure them while their cargoes are on board, shall be com- 
puted by the following rule and dimensions :— 

lst. The length on the upper deck between the after part 
of the stem and the fore part of the stern post. 

Qndly. The inside breadth on the under side of the upper 
deck at the middle point of the foregoing length. 

8rdly. The depth from the under side of the upper deck, 
down the pump well to the limber strakes or internal 
plank. 

With these three dimensions ascertained, the Act directs 
that the product of the three, viz., length multiplied by 
breadth, and their product by the depth, shall give a result 
which, being divided by 130, the quotient shall be considered 
as an approximation to the true register tonnage of the ship, 
or her capacity for carrying stores and cargo. 

The most effectual method to ascertain the tonnage of ships 
employed in the merchant service would be, that the draught 
of water of the vessel when she is fully equipped and stored 
for sea, but without cargo in her, should be taken and regis- 
tered by the officers of the customs, such draught of water 
being also cut in on one of the main beams of the vessel in a 
manner similar to that now required for the tonnage; and in 
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all vessels built in England, a scale of displacement formed 
as described in the Elementary Rudiments of Construction 
should be cut in on the same beam of the ship—when the 
difference between the displacements, given per scale, by the 
mean draught of water of the ship when light and that when 
loaded (be it what it may), will be the actual amount of 
tonnage or burthen the vessel has carried. 

In foreign vessels, over which the government of this 
country has no control, and can thence not enforce a similar 
proceeding for them while building, let the draught of water 
be carefully taken in the English port in which they intend to 
discharge their cargoes, previously to their breaking bulk, and 
let it also be taken after the ship has been fully discharged of 
her burthen: the difference between the mean draughts of water 
of these two immersions, or those arising from adding (in each 
case) the draught of water forward to that aft, and taking the 
half thereof, will give the rising of the vessel bodily in the 
water in feet and inches; and it is not difficult at half way 
of that emersion to calculate from the ship the area of the 
level section of her, and equally easy to find the capacity due 
to an inch of immersion at that line. As this latter would 
form the average capacity of the vessel to an inch immersion, 
the whole lading or weight would be tolerably accurately given 
by reducing into inches the difference shown in feet and 
inches between the mean draught of water when loaded and 
that when the cargo is discharged, and multiplying the result 
by the capacity per inch before determined. The task is 
within the attainments of a man of ordinary abilities, and 
could be accomplished in a much shorter period of time than 
a first judgment of such a proceeding would surmise; and as 
these ships are usually employed between the same ports, 
ence done, the operation would not require to be repeated. 
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PART XVI. 


Mechanical Power used for Launching.—Declivities of Slip and of the Blocks 
the Vessel is built on.—Sliding ways.— Bilgeways.— Inclination of Sliding 
ways.—Upper side of Sliding ways, whether straight or cambered.—Rib- 
bands.—Method used by the French in Launching.—Method described 
of putting the Bilgeways on the Sliding ways.—Stopping-up Pieces.— 
Poppets.—Cleats on the Bottom.—Dagger Planks.—Paying with Tallow 
Bilgeways and Sliding ways. — Setting up the Ship. — Removing the 
Building Blocks.—Christening.— Dog-shore.—Launch of the Ship. 


THE LAUNCH OF THE SHIP.* 


Tuer ship having been completed on the building slip, the 
next step is to place her in the water, which apparently Her- 
culean task is accomplished in Her Majesty’s naval arsenals 
by a method of which the following is an outline. 

The mechanical power designated the “inclined plane ” 
has been made available to the moving into the water such 
a vast fabric as the first-rate man-of-war whose armament is to 
be 120 guns and the hull of which weighs at the least 2600 
tons. The slipway (a) on which the vessel is built is to this 
end an inclined plane, and the upper surface of the blocks 
on which the ship rests while building and which received 
the keel, the first assemblage of timber used in her practical 
construction, is made to partake of the same property; by 
which means the ship, while under practical construction, 
lays inclined to the horizon at an inclination of §ths of an 
inch to a foot in her length, or at nearly that of 1 foot in 19 
feet below the horizontal plane marked b, in the Plate of 
the Launch. 

The weight of the ship has to be transferred from these 
blocks to a cradle or support for moving her down two narrow 
inclined planes, one on either side of the keel of the ship. 
These narrow planes are denominated the sliding ways, and they 


* The letters in italics, of the text, bear reference to the Plate of the 
Launch, = 
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are so placed on the slip that the outside of the bilgeways, or 
the foundation of the cradle which supports the ship while 
launching, shall be Ath of the main or greatest breadth of the 
vessel from the side of the keel, which will give the bilge- 
ways aspread, from the outside of the one to the outside of the 
other, of trd of the main breadth of the ship, and the breadth 
of the keel in addition. The bilgeways is a technical term 
given to a long assemblage of timber, combined to form the 
basis of the cradle in which the ship rests when launch- 
ing. The sliding ways may justly be termed the rails or 
trams to receive the bilgeways and cradle, which latter may 
be said to form the carriage or truck to carry the ship into the 
water. The sliding ways are composed of blocks of wood laid 
to a determined height to receive planks of 3 inches in thick- 
ness and 10 inches in width, forming on the upper surface 
inclined planes of about 3 feet 4 inches in width, d of Plate. 
These planks are usually laid on the blocks with close joints ; 
but experience and reflection point out that their being kept 
an inch apart is more efficient, practice having taught the 
lesson that powerful adhesion takes place by reason of the ex- 
clusion of the atmospheric air from the surfaces in contact ; 
viz., those formed by the upper sides of the sliding ways and 
the under sides of bilgeways, and these being too perfectly 
in contact, an adhesion has to be overcome, which requires 
great force to be used in starting the ship, whereby delay is 
sometimes caused in launching. 

The bilgeways should be in length at least Sths that of 
the ship, or, for a first-rate of 120 guns and 205 feet in length, 
the bilgeways should be 170 feet, their breadth and depth be- 
ing about 2 feet 6 inches square. The breadth of the bilge- 
ways will determine that of the sliding ways, and also the 
position of them, regard being had to the limit before given, 
for the extreme spread of the bilgeways; the sliding ways 
are then to be allowed sufficiently wide beyond the outside 
of the bilgeways, to receive a square piece of fir of about 
5 inches, termed a ribband, which is secured to the sliding ways 
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to prevent the bilgeways from being forced outwards by the 
weight of the ship while launching. The foremost piece of 
ribband on each side is of oak, as it becomes the abutment of 
the after end of a piece of timber which is called the dog 
shore, g of Plate, the fore end of which butts or stops against 
large cleats, » of Plate, on the bilgeways, forming a pre- 
ventative against the bilgeways (e), slipping down the sliding 
ways (d), and constituting the means by which the ship is 
retained on them (d) until the time has arrived for launch- 
ing her. The foremost pieces of ribbands, the better to 
enable them to resist the strain brought on them, are 
bolted and dowelled to the sliding ways; and to prevent the 
bilgeways from being forced inwards, shores (8) are placed on 
cleats from the sides of the keel to the insides of them. The 
inclination to be given to the sliding ways is governed by the 
size of the ship, and the rise and fall of the tide; to which 
considerations may be added the inclination of the slip on 
which the ship is built. In the Queen’s service the slips are 
nearly all built at the same inclination to the horizon. 

The smaller vessels require the most inclination to be 
given to the sliding ways, and on some occasions they have 
had as much given to them as 14 inches to a foot, to afford 
an impetus to their comparatively light weight of hull; the 
larger ships, from first-rates to frigates, have usually from ?ths 
to %ths of an inch in a foot declivity, and it has been found 
in practice that the inclination of 3?ths of an inch has given 
to the vessel the velocity necessary for safety and efficiency. 

It was formerly the practice in Her Majesty’s service for 
the upper side of the sliding ways to be formed in their 
length to an arc of a large circle, which was technically 
termed cambering the ways. This method has been considered 
in modern times objectionable, as tending, it is said, to break 
the vessel, or to alter her form lengthways ; this objection will 
not hold good if the ways are the arc of a large circle for 
their whole length ; but if it is only such from the after end 
of the bilgeways before the vessel moves, the cambering 
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would be detrimental to the vessel, as the bilgeways would 
then alter their form from the straight line to the arc, 
which would thence allow of that change of longitudinal 
form in the ship which is denoted breaking. 

The advantage that is said to arise from cambering the 
sliding ways is founded on the following consideration :—that’* 
should the groundways not be firm, the weight of the ship, 
when the upper surface of the ways is laid straight, would 
force it into a concave one, which would be detrimental to 
her starting; in the case of the ways being cambered, the 
form of them being thence that of an arch, the upper surface 
of them would be better preserved. 

The French launch their ships-of-war on their keels, having 
side bilgeways merely to steady the ship; the stability of 
the groundways must be the main source, in both systems, of 
keeping the forms of the ships unaltered in launching. In the 
method used in the English naval arsenals, care must be taken 
to ensure that the fore foot of the ship launches clear of the 
slip, which will always be the result if the declivity given to 
the sliding ways be less than that of the slip; should the 
contrary be the case, the height of the foremost block on 
which the vessel was built, the length of the slip, and the 
proposed declivity, must be considered, to prevent the fore 
foot of the vessel from striking the groundways of the slip 
at the lower end of it. The slide beyond the slip is laid 
during the recess of the tide, either on piles driven for that 
purpose, or on permanent groundways. 

The bilgeways having been hauled up on the sliding ways 
and placed under the bottom of the ship, in their position, as 
before described, of jth of the main or principal breadth of 
the vessel from the keel, large pieces of fir, called stopping- 
up pieces, are placed on the bilgeways in the middle part of 
them to meet the bottom of the ship; but at the fore and 
after parts, where the form of the vessel, from its sharpness, 
would cause these pieces of fir, if continued, to be very 
bulky pieces of timber, timbers are placed like shores from the 
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upper side of the bilgeways to the bottom of the ship. These 
timbers are called poppets (% of the Plate), and are usually 
formed of square fir timber termed baulk; the heads of them 
are prevented from flying off the bottom of the ship by their 
being confined to it by the lower edge of a plank bolted to the 
bottom of the ship; this plank having likewise cleats (1’n’) 
screwed to the bottom of the vessel, to support the upper edge 
of it. The lower ends or heels of the poppets rest on a plank 
called a sole piece (Z/), which is placed on the upper side of the 
bilgeways; the sole piece having a groove taken out of the centre 
of it to receive tenons raised in the heels of the poppets. The 
poppets are usually their dimensions apart. The whole of the 
after poppets, except the extreme after three, and all of those 
forward, except the extreme forward ones, are placed plumb, 
or square to the horizon. The foremost three poppets are 
placed with the heels of them forward, to make them stand 
as shores against the heads of the other fore poppets, when the 
ship’s bows in launching are pressed to the sliding ways by 
reason of the excess of buoyancy of the after body of the vessel. 

These poppets are united to the stopping-up which 
is worked on the midship portion of the launching cradle 
by planks, which are denominated dagger planks. The 
ribbands (g), which are placed on the sliding ways to confine 
the bilgeways on them, have greater spread or space given be- 
tween them than that given to the bilgeways themselves. This 
excess of space is termed ‘‘ play,” and is usually 2 of an inch 
at the fore end of the bilgeways, and 1 inch at the after end of 
them on each side, spread out at the extreme end of the slide 
to 24 inches. The bilgeways are usually what is termed 
“turned out” the day before it is proposed to launch the 
ship, which means that the poppets are taken down and the 
stopping pieces taken out of their places, and the bilgeways 
turned over outwards, leaving their under sides to face the 
keel of the ship. The upper sides of the sliding ways, to 
the length of the bilgeways, and the under sides of the 
bilgeways themselves, are then payed over with melted 
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tallow, to which, when cool, soft soap is sometimes added in 
patches; others use oil in preference. The bilgeways are 
next ‘‘ turned in ;” the cradle, composed of stopping pieces and 
poppets, is restored; and the whole, on the morning of the 
launch, is set to the bottom of the ship, as, between the upper 
surface of the bilgeways and the lower surfaces of the 
stopping up and the sole pieces placed to receive the heels of 
the poppets, large wedges called slices (o o) are placed inside 
and outside of the bilgeways, and men with mauls or large 
hammers are stationed to these wedges. By their united and 
simultaneous efforts, the slices raise the ponderous mass in 
the cradle, or at least take the weight of the ship from 
the blocks on which the after part of the vessel rested while 
building ; these blocks under such a process become loose or 
slack, and are removed from under the ship as the tide 
rises. The fore part of the cradle is not set to the bottom of 
the ship so firmly, and the weight of the ship rests 
in part on the foremost building blocks, which are split 
out from under the ship consecutively, so that shortly be- 
fore the hour of launching, or high water, the mighty fabric 
may be seen from aft resting on the sliding ways, suspended, 
as it were, in the air, on two comparatively narrow ribbands, 
and man’s ingenuity and skilful perseverance seem triumphant. 
At this stage of the exciting scene, the vessel is christened by 
wine being thrown against the bows, or fore part of her, and 
her name given to her, after which the word is given to ‘down 
dog shore,” and the ship, the fruits of years of labour and 
anxiety, freed from the last fetter that binds her to the stable 
earth, passes into the element in which she is destined to 
bear the battle’s bront and the merciless peltings of the howl- 
ing tempest. 


References to the Plate of the Launch, as descriptive of the foregoing text. 
a Groundways of the slip, which, in Her Majesty's arsenals, is laid at the 
declivity of 1} inch in a foot. 
b Ticked line denoting the upper surface of the blocks on which the keel of 
the ship rests while she is building. 
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¢ Section of the building blocks. The inclination of these blocks from the 
horizon is 1 foot in 19 feet. 

d Section of the sliding ways as composed of blocks and planks. 

e Section of the bilgeways laid on the sliding ways, the outside of the one 
bilgeway being apart from the outside of the other | the main or 
greatest breadth of the ship, together with the breadth of the main keel. 

JS Section of the dilgeways lengthways. 

g Ribbands, or square pieces of fir, secured to the sliding ways to prevent 
the bilgeways from spreading or being forced out when the ship is 
launching. 

hh Inclination given to the sliding ways, being usually from § to % of an 
inch to a foot, 

iz Stopping-up amidships, composed of large pieces of fir. 

kk Poppets or shores before and abaft the stopping-up pieces. 

ZZ Sole-pieces or planks worked to receive the lower ends or heels of the 
poppets (££). 

mm Dagger planks to connect the poppets (&%) with each other, and unite 
them with the stopping up (72). 

nn Planks worked to the bottom of the ship, to confine the upper ends or 
heads of the poppets (£4). 

n’n' Cleats to support the plank (nz). They are screwed to the bottom. 

oo Slices or large wedges placed between the sole-pieces, stopping-up and 
bilgeways, to set the launch to the bottom of the ship, and take the 
weight of the vessel off the building blocks (c). 

p Ribband shores to support the ribbands and prevent them from spreading. 

gq Dog shore, with its heel resting against the fore end of the foremost length 
of ribband, and its head against the launching cleat (7) on the bilgeways. 

r Launching cleat to receive the fore end of the dog shore (7). The under 
side of this cleat (r) should be kept above the upper side of the rib- 
bands (g), as in launching the cleat (r) should pass over them. 

s Shores placed inside the bilgeways, from the ship to the bilgeways, to 
prevent them from tripping inwards. 

¢ Trigger placed under the dog shore, and removed immediately previous to 
the launch of the vessel. 

v Holes in the ends of the bilgeways, to receive ropes which are led on 
board the ship, to secure the bilgeways when the vessel is in the water, 
as the bilgeways then usually float up from under her. 
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PART XVII. 


Docks—how situated.—Entrance—how closed.—Gates or Caissoon.— V essel's 
Position on the Blocks.—QGuys or Ropes—their Use.—Shores, Breast— 
their Use.—Vessel Upright or Plumb.—Method of determining it.— 
Diagonal Shores—their Position.—Bilge Shores. —Blocks—their Form.— 
Method of removing the Angular Blocks for False Keel.—Copper 
Sheathing— when removed.— Places usually defective pointed out.— 
Defects should be rigidly searched for previously to the Commencement 
of Repairs.—Advantages arising from such a Course of procedure.— 
Inside and Outside Planking—when and where to be removed.— Beams 
and Iron Knees to be well examined.—Rudder to be unhung.—Pintle and 
Braces to be overhauled.—A Plate of a Dock with Reference to these 
Remarks subjoined.—References to Plate 3. 


DOCKS OF THE ARSENAL, USUALLY TERMED WET DOCKS. 


THE repairs of the ships of Her Majesty’s navy and those 
employed for commercial purposes are mostly performed in 
what is termed a wet dock, being an excavation lined with 
wood or stone, made contiguous to the water, and having an 
entrance opening into the river or harbour: the flat or lower 
part of the excavation or of the dock, in Her Majesty's dock- 
yards, is usually laid either level, or the after part to be deeper 
than the fore part, from 12 to 14 inches, and it is below low- 
water mark, to give a greater depth of water in them, when 
the vessel has been floated at high water into the dock, in the 
which blocks have been laid to receive her, similar in other 
respects, but not inclined, to those on which a ship is built on 
a slip; the entrance to the dock is closed by gates, or by what 
is termed acaissoon*, and the water at the falling of the tide is 
let out of the dock through large drains called culverts. 

The vessel is placed with her keel immediately over the cen- 
tre of the blocks, in most instances laid in the middle of the dock, 
and kept in that position by ropes, technically termed guys, 
two of such being made fast to each bow, or on either side of 
the head, and two to each quarter, or on either side of the 
stern; they are distinguished as being starboard and port, bow 


* The caissoon is a floating gate. 
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and quarter guys. For the more effectual using of these guys, 
old guns or wooden stumps called bollards (a, Plate of Dock) 
are placed at intervals round both sides of the dock, and ata 
short distance from it. These form posts round which the 
guys can be wrapped to check the ship when she is being 
hauled into or out of the dock, and when the dock is unoc- 
cupied ropes or chains placed from the one to the other all 
round it, form a preventive to accidents. 

Before the ship, by the falling of the water, takes the 
blocks, shores or long pieces of timber are prepared, 
of such lengths as to reach from the sides of the dock 
to those of the ship; and these shores are hung up to the 
vessel by ropes to the required positions. In the man-of-war 
their stations are governed by the port timbers, at the height 
of the deck or beam-ends, as forming the best security or 
abutment to them. ‘This tier of shores is called the breast 
shores (A, Plate). But it should be ascertained before 
grounding, by the means of a plumb line (/), whether 
the ship is upright: should she not be so, the vessel is 
trimmed by weights on board of her; but if there be none 
available, the breast-shores, when the ship is firmly grounded 
on the blocks, are set the more vigorously on the side which 
is inclined to, until the vessel is brought to the vertical po- 
sition; the heads of these shores, or the ends of them, 
against the sides of the ship should be the highest, that 
they may not tend to depress her when floated again after 
the repairs are completed. Before the breast-shores are 
set to the ship she is allowed to settle well on the blocks, or 
the water to drop from her at least 18 inches, that her weight 
may in part be on them; when, wedges being placed behind 
the heels of the shores or at the ends of them, which are 
against the sides of the dock, a man to each shore drives 
simultaneously on the wedges on both sides of the dock, and 
she is then secure. As the water further falls, shores, denoted 
diagonals (B, Plate), are placed lower down and between the 
breast-shores, and in large ships a second tier of these shores 
is considered necessary, placed below the Ist diagonals (c, 
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Plate); under the breast-shores, when the water is quite out 
of the dock, which is effected by pumps where the flat of 
the dock is below the fall of the tide, shores called bilge- 
shores (p, Plate) are placed, and in a large ship having two sets 
of diagonal shores they will come under the Ist diagonals 
(B, of Plate). 

It should have been said, that before the water is let into 
the dock, the blocks are examined and well lashed down, 
and the fore and after ones required to receive her Jength 
of keel are marked in position on the upper side of the 
dock. The bob and mouse lines should also be proved 
(f, Plate). These lines are to point out the centre of 
the blocks; they are formed like a bricklayer’s plumb, the 
plummet (0) being held over that centre by lines going across 
the dock, and the sides of the dock give parallel lines to 
take them fore and aft upon. The line thus fitted, termed the 
bob, precedes the ship, and that denoted the mouse follows 
her ; the two thus used in conjunction will ensure the vessel 
being placed immediately over the centre of the blocks. 


Angular Docking Blocks. 

a Iron wedges. 
& Wooden cap, plated : 

with iron on the un- 

der side. —————————— ST (gy) Plate. 
¢ Block, plated with 

iron on the upper 

side. 


The blocks fitted in this manner are denoted Sir R. Sep- 
ping’s angular docking blocks, having been introduced into 
Her Majesty's service by that officer. 


Battering Ram. 
Qa a a 


. be 
tie a ——_— Eb Plate 
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The battering-ram is used to remove the angular blocks when 
the ship is setting on them, should such be required during 
the repairs, or for removing the false keel, or caulking the gar- 
board or lower seam of planking (see sketch of Blocks), the 
ropes a enabling men to give a powerful blow on the sides of 
the wedges @ to free them: the ends b of the rams are armed 
with iron caps. 

In theroyal dockyards theseangular blocks that the ship rests 
on while in the wet dock are formed of angular blocks of iron 
and wooden blocks iron-plated on their surfaces (see sketch, 
g Plate, p. 94). The advantage that arises from the use of 
these blocks consists in their being easily removed locally from 
under the ship, their wedge-like form allowing them to be 
taken from under the vessel in a very short time; and by these 
means the false keel of a ship may be shifted without the 
weight of the ship having been taken by shores. These 
blocks, when restored under the keel, are rammed up by 
the heavy logs of wood armed with iron at their ends, 
called battering rams (see sketch, h Plate, p. 94), and are 
thence made again to bear their portion of the weight of 
the ship. The ship having been placed in the dock and 
secured by the shores, as before described, if the repairs 
required are known to be extensive, the copper sheathing is 
taken off the bottom of her, and planks are split out all 
fore and aft, in those parts of the ship that past experience 
has pointed out to be the most likely for decay to arise: such 
has been found to be the case in the outside planking be- 
tween wind and water, or more immediately in the vicinity 
of her line of floatation (0); and in the turn of the bilge the 
timbers of the frame are very subject to rot, from the wood 
being cut across the grain and the heart of it being thus ex- 
posed to wet. In the outside planking above water, the plank 
immediately in the wake of the channels will often be found 
defective, from the strain brought on it by the shrouds causing 
the plank to open, or the topsides of the ship to work; while 
the timbers and planking in the immediate neighbourhood 
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of the hawse-holes, from being more subject to wet, are also 
places that require to be well overhauled. c and B (vide Plate 
of Dock), the waterways and beam ends, are the most ex- 
posed to the effects of water by leakage, a fruitful source 
of decay; but to prevent disappointment and unnecessary 
outlay in the repairs, the ship should be thoroughly opened. 
All defects should be removed before any new work, or a 
restoration of her form, is allowed to take place, as most 
serious expenses have been incurred, nay, ships of war have 
been repaired that would have bcen taken to pieces, had the 
defects of the ship been fully laid open in all parts before the 
first discovered defects had been made good; and it evidences 
a sound judgment in directing the repairs of a ship when a 
thorough search for defects and the total removal of them 
before any new materials are provided, much less worked 
into the ship, is the course pursued. This method of pro- 
ceeding presents another advantage—that by the timbers of 
the ship being thrown open to the air for a longer time, a 
check will be given to any incipient seeds of decay, or to the 
production of fungus. When the repairs to be executed run to 
a great extent, more especially in the frame of the ship, it be- 
comes a matter of serious consideration whether it would not 
be more advantageous to break the vessel up, using the ser- 
viceable portions of her (which will generally be found to be the 
beams, and the lower timbers of the frame) in the construction 
of another vessel; should it, however, be deemed advisable 
still to continue the repairs, the most effective and econo- 
mical proceeding would be, to take off the topsides outside, 
as low down as the wales, and remove the interior planking 
up to the same line: this method enables the shipwright to 
have a full inspection of three sides of each timber; allows 
the defective timbers to be easily removed, and the new 
ones to be replaced with facility; and the planking that is 
retained outside and inside, serves as an effectual ribband 
to preserve the form of the ship. The ends of the beams of 
the several decks should be examined, by their being bored 
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with an auger or large gimlet from the side of each in a 
slanting direction, into the beam-end, but if the outside 
planking requires to be taken off in the wake of the beam- 
ends, an efficient external survey of them can be made with- 
out recourse being had to the internal one: care should be 
taken in large repairs that the form of the ship be pre- 
served by means of harpins, ribbands, and shores, where re- 
quired, similar to those described for ships in building. But 
it should be with great caution that large repairs are 
undertaken, the expense attendant on them being more 
than would arise from building a new ship, from the combi- 
nation of the two operations of pulling to pieces and putting 
together again. ‘The knees to the beams of the several decks 
should be well examined, and any appearance of working— 
which would be evidenced by the bolt heads being drawn 
down—should be carefully considered, and an endeavour 
made to remedy the defect, as the working of the ship on 
her fastenings is attended with a twofold evil—the one that 
of rapidly weakening the fabric; and the other, by the assist- 
ance of wet, of producing with equal speed the working ship- 
wright’s friend—rot, and its consequence—the necessity of 
extensive repair. 

The rudder should be unhung after the woodlock is re- 
moved, and the pintles and braces by which it is hung should 
be carefully examined. ‘The head of the rudder should be 
well inspected to ascertain if the wooden portion of it has been 
strained, and that the iron hoops on it are firmly in their 
places. Too much precaution cannot be used to ensure the 
efficiency of the rudder, as the lives of the crew and the 
safety of the ship depend on the perfect order and strength 
of it. 

A sketch of one of the largest wet docks in H. M. dock- 
yards is subjoined, with reference to the remarks that have 
been made on this subject. In addition to the wet docks that 
have been described, fitted with gates or caissoons to exclude 
the water, there are in some of H. M. dockyards small open 
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A DESCRIPTION OF PHATE 3. 


Section showing the Timbers of the Frame, and the Positions of 
the Outside and Inside Planking of a Merchant Ship, with a 
Reference to the several Parts, giving the Technical Term for 
each Portion of the delineated Section of the Ship. 

a Half section of the keel. > 


bb 


False keel. 


ee Garboard strakes of outside planking. 
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. Upper deck clamps. 


Plank of the bottom. 

Diminishing plank. yr Outside planking. 
Wales. 

Black strakes, 

Sheer strakes. 

Rough tree rail. 
Waterway to quarterdeck. 
Shelf to ditto. 

Clamps. 

Upper deck spirketting. 
Upper deck waterway. 
Upper deck shelf. 


— 


ee 


Lower deck spirketting. 

Lower deck waterway. 

Lower deck shelf. 

Lower deck clamps. 

Thick strakes worked over the heads of the 8rd, 2nd, and Ist 
futtocks and floors. 
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m,m,m Spaces between the thick strakes. 

c Side keelsons. 

dad Main keelson. 

i Head of the fillings of wood, placed in between the timbers as 
described in the text, under the head of fillings between frame 
timbers. 

The clevation on this plate shows the position of the ports 
and the trussing between them. The practical carpentry of 
the ships for commerce, built by Messrs. Smith, of Newcastle, 
and the firms of Wigram and Green, of Blackwall, of which 
this section of a merchant vessel may be said to be an out- 
line, bears so close an affinity to the work that has been 
described as the practice of the Queen's service, that the 
explanation for the one will answer equally well for the other. 


PANT XVIIT. 


Principal dimensions of the several rates of Ships in Her Majesty’s Navy.— 
Armaments.— Weight of Anchors.——Weight of Cables.— Masts and Yards 
—Weight of the Ship.— Weight of the lull of the Ship.—Weight of the 
Material received on Board. 


FIRST RATEH. 120 guns. Tonnage, 2609 tons. 
Complement of Men and Officers, 1000 in number. 


PriIncripAL DIMENSIONS, 


Ft. in. 
Length on the gun deck . . ; ‘ . . : 205 0O 
Length of the hec] for tonnage. : ‘ ‘ ; ‘ 170 7 
Breadth, extreme , : 2 ‘ ; ; ; . 53 4 
Depthin hold. . : ; . P ; : ‘ 24 0 
ARMAMENT. 
No.of guns. Weight ofeach. Length. 
: Cwts. Ft. in. 
3 . of 4 of Sin. ea 65 9 0 
Lower deck .% . : 32 | 28 32 pdrs. “ B6 9 6 
Middle dek. . . 84 { oy. ee ae 
4 32 pdrs, nae » 
Main deck . ; , 34 32 pdrs. ee 8 0 
2 
Quarter deck and forecastle 20 { = te ae peat : ae S36 
va pars. Carrds. eee —ane 
Total weight of the guns : ‘ : : ; . 273 tons. 
Weight of the broadside in lbs. . ‘ , : - 2028 lhe. 


F 2 
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Weight of each. Total weight. 


Tons. cwts. qrs. 


Weight of the principal anchors (4 in No.) . 4 19 0 


WEIGHT OF THE PRINCIPAL CABLES. 


Weight of each. 
Cwts. qrs. ibs. 
8 hempen, of 25 inches circumference. 116 2 20 
4 chain, of 2} inches diameter of link . 243 0 0 


Weight of the anchors . ‘ : . ‘ : ‘ 


Total weight of the principal cables and anchors. 


Masts anp YARDS. 
Length. Diameter. 


Feet. Inches. 

Main. ‘ d 7 : 82... 
Lower |} Fore . ; ; _ ;. 74 1... 87 
Masts Mizen 5 ; é 2 59 ... 26 

Bowsprit . : : ‘ 51 ... 40 
Tawer ao ‘ : é R ‘ Pe ie, Joe 
Yards ore . ‘ . dake. 22 

Mizen, or cross-jack ‘ i C4: cee Sh 


Total weight of the masts and yards . ; ; 


Total weight of the ship, with stores and Surman, 


to a draught of water of . : ° Afore 
Aft . 

Weight of the hull, to a draught of water of . Afore 
Aft . 


Weight of the material received on board 


Tons. cwts. qrs. 


19 16 @ 


Total weight. 
Tons. cwts. qrs. 





17 10 O 
48 12 0 
66 2 0 
19 16 0 
85 18 0 
Weight. 
Tons. cwts, a 
15 18 O 
5 8 0O 
12 0 O 
5 3.40 
3 16 O 
1 8 0 
63 15 0 
: 7 Tons 
24 = 
26 0 4670 
15 10 
18 6 2462 
‘ 2208 


SECOND RATE, 84’guns. Tonnage, 2284 tons. 


Complement of Men and Officers, 750 in number. 


PRINCIPAL DIMENSIONS. 


Length on the gun deck ; . 
Length of the keel for tonnage : : 
Breadth, extreme : : . 
Depth in hold. . : ° : 


Ft. in. 
196 5} 
162 3h 

51 5} 

22 6 
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ARMAMENT. 
No. of guns. Weight por each. Length. 
Lower deck . ; : 301 Py ao sare. = ce = : ; 
Maindeck .. ‘ 32 { ag oe aa 2 re = : 
Quarter deck and forecastle at e 32 pire clea Ef mer 2B) 


Total ht of the guns. ‘ ;: ‘ + 208 tons. 
deca : 1488 lbs. 


Weight of the broadside in Ibs. . , ‘ ; ;: ; 


Weight of each. Total weight. 


Tons. cwts. qrs. 2 oa cwts. grs. 


Weight of the principal anchors (4in No.) . 4 6 0 0 0 


WEIGHT OF THE PRINCIPAL CABLES. 


Weight ofeach. Total weight. 

Cwts. qrs. Ibs. Tons. cwts. qrs. 
3 hempen, of 234 inches circumference . 102 3 12 15 8 2 
4 chain, of 2§ inches diameter of link . 216 0 3 43 4 0 


58 12 2 
Weight of the anchors . . : ‘ . ; ‘ 17 0 0 


Total weight of the principal anchors and cables ; : 75 12 2 


Masts and Yarps. 
Length. Diameter. Weight. 


Feet. in. Inches. Tons. cwts, qrs. 
40 eee 20 0 


Main . . F . 86 3 0 

Lower j Fore , : " . 79 3 37 ... 15 12 0 

Masts Mizen . , : 63 2 26 (a 5 6 0 

bi aa . : ‘ 51 0 40 ... 12 0 0 

ain. . , - 105 O We) 20% 5 8 0O 

yower 4 Fore . e910 22... 8 16 0 

Mizen, or cross -jack P 71 0 | i Se 1 8 0 

Total weight of the masts and yards . . ‘ . 63 5 0 
Total weight of the ship, with stores and equipments, Ft. in. Tons. 

to a draught of water , 6 * , Afore 23 0 372 
An. 24 gf 872i 

Weight of the hull to a draught of water ‘ Afore 14 38) 195 
Aft’. 18 gj 1959 


Weight of the material received on board . ‘ ‘ : : 1762 


THIRD RATE. 72 to 76 guns. 


Tonnage, 1740 tons. 
Complement of Men and Officers, 650 in number. 


Prixcirat Diaensrons. 


Ft. in. 

Length on the gun deck : : 175 9 
Length of the keel for aonDDES 144 6% 

Breadth, extreme 47 8 
Depth in hold 21 0} 
ARVAMENT. 

No. of guns. Weight ofeach. Length. 

Cuts. ¥S a 

4 of 8 in. 65 

Lower deck . ‘ A 28 24 32 pars. 5G 9 6 

Main deck . : : 28 32 pdrs. 41 8 0 
4 32 pdrs. 41 8 0 

Quarter deck and forecastle 16 { 12 82 pdrs. carr ds. 17 8 

Total weight of the guns ; : 156 tons. 


Weight of the broadside in Iba. 


Weight of the principal anchors (4 in No.) 


Weight of each. 
‘Tons. ewts, qrs. 


3 138 O 


WEIGHT OF TIIE PRINCIPAL CABLES. 


3 hempen, of 22 inches circumference 
4 chain, of 2 inches diameter of links 


Weight of the anchors. . ‘ 


Total weight of the principal anchors and cables 


Masts AND YARDS. 


Length. 


Feet. 


Main . : ‘é é 80 
Lower } Fore. ? ; ‘ 73 
Masts Mizen . : . ; 57 
Bowsprit . : : 45 


Céwer Main . - ‘: s 96 
Fore. ‘ ‘ 82 


Mizen, or cross-jack ; 64 


Total weight of the masts and yards : 


in, 


CAacCAaAateo 


Weight of each. 
Cwts. qr. Ibs. 


vO 1 


192 0 0O 


Diameter. 


Inches. 


37 
35 
24 
36 
23 
20 


16). 


1224 Ibs. 


Total weight. 
Tons. cwts, qrs. 


14 12 0 


Total weight. 


Tons. ewts. qrs. 


13 11 0 
3806080 
61 19 JU 
14 12 O 
66 11 0 
Weight. 
Tons. cwts. qrs. 

0 

10 4 0 
38 16 0O 
8 8 0 
4 5 0 
2 16 0 
1 2 0 
44 17 0 
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Total weight of the ship, with stores and ie seas ov Feet. in, Tons. 
ht of water ; ‘ ore 
cea Aft. 23 of 8028 
ight of the hull, to a draught of water : Afore 18 0 
Wighenere exe . Aft. 17 9f 2600 


Weight of the material received on board . ‘ : . . 1428 


FOURTH RATE. 650 guns. Tonnage, 2082 tons. FRIGATE. 
Complement of Men and Officers, 500 in number. 


Princrpau DIMENSIONS. 


Length on the gun deck ‘ ° ; ‘ . 


Ft. o 
Length of the keel for tonne ar oe an 144 6} 


Breadth, extreme : ‘ i : , 52 83 

Depth of hold e e e e es 2 ° . 17 1 
ARMAMENT. 
No. of guns. Weightof each. Length. 
£83 ‘ea: a o 
. 6 of 8 in. ee ace 

Maindeck » + + 284 o080pdrs. |. 56 |. 9 6 
Quarter deck and furecastle 22 32 pdrs. ei ED. occas, - 8. 6 

Total weight of the guns . . . : 130 tons, 12 ewts. 


Weight of the broadside in Ibs. ‘. ; ; . 908 lbs. 


Weight of each. Total weight. 
Tons. cwts. qrs. nae ar a“ 


Weight of the principal anchors (4in No.) . 3 10 O 


WEIGHT OF THE PRINCIPAL CABLES, 


Weight of each. Total weight. 
Cwts. qrs. Ibs. Tons. cwts,. qrs. 


3 hempen, of 214 inches circumference ‘ 86 0 16 12 8 1 
4 chain, of 2 inches diameter of links » 192 0 QO 38 8 O 
50 16 1 


Weight of the anchors. : . : ‘ : ‘ 14 0 0 


Total weight of the principal anchors and cables . ° : 6416 1 
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Masts AND YARDS. 
Length. Diameter. Weight. 
Feet. in. Inches. a gl qrs. 


Main . : : 2 83 7 ... 37 
Lower Fore. ‘ . : 77 oO ... 85 ... 10 18 


Masts ) Mizen . ; . ; 67 24 .. 5 1 
Bowsprit ‘ : ‘ 45 36... 8 8 


Taw Main . P : F 96 4 4 
wer ; ; 82 


COOooOnoo 


ower 2 Fore 20... 2 16 
ares | Mizen, or cross-jnck ‘ 64 154... 1’ 2 


TPAORAQH 
bo 
w 


Total weight of the masts and yards : ; ‘ ; 46 15 2 


Total weight of the ship, with stores and equipments, Feet. in. Tons. 
to a draught of water ; ‘ . E Afore 20 0 } = 9200 
Aft 21 0 
Weight of the hull, to a draught of water ; Afore 13. 6 — 1308 
Aft 17 635 — 
Weight of the material received on board, in tons , ; ; 892 


FIFTH RATE. 42 guns. Tonnage, 1084 tons. 
Complement of Men and Officers, 320 in number. 
PRINCIPAL DIMENSIONS. 


Ft. = in. 
Length on the gun deck . . : ‘ : , . 151 9} 
Length of the keel for uae : ‘ i ‘ : . 127 0% 
Breadth, extreme ; - 2 , ‘ ‘ ‘ 40 O88 
Depth in hold. ; ‘ . ‘ ‘ 2 ‘ : 12 9 
ARMAMENT. 
No. of guns. Weightof each. Length. 
2 of 8 i ‘30. 7 0 
, of 8 in. wa 0 ne 
Main deck 28 { 96 32 pdr. ... 89 ... 7 6 


4 82 pdrs. gee “TOO > , “ab 6 
Quarter deck and forecastle 141 10 32 ae caveda: 17 i> 
Total weight of the guns . . : : ; 72 tons. 
Total weight of the broadside in lbs. . . i . 708 lbs. 
Weight of each. Total weight. 
Cwts. Tons. cwts. qrs. 


Weight of the principal anchors (4 in No.) ‘ 47... 9 8 O 


WEIGHT OF THE PRINCIPAL CABLES. 


Weight of each. Total weight. 
Cwts. ars. ibs. Tons. cwts. qrs. 


3 hempen, of 18} inches circumference : 63 2 16 9 11 0O 
3 chain, of 13 inch diameter of links - %147 0 #0 22 1 90 


31 12 O 
Weight of the anchors . : ; : , ; ‘ 9 8 O 


Total weight of the principal anchors and cables : : 41 0 0 


ON SHIP BUILDING. 


Masts ANpd YARDS. 


105 


Length. Diameter. Weight. 


Main 4 ‘ P é 67 30 


Inches. Tons. one qrs. 
0 


Ine 
5 8 
Lower } Fore é ‘ ‘ ‘ 62 4 ... 28 ... 6 6 0 
Masts Mizen . . é F 53 8 ... 222 ... 2 11 =O 
Bowsprit ‘ : 38 0 ... 28 - &6 O 90 
Main p < ‘ 78 6 19 2 11 O 
Lower J Fore . 67 6 16 1 18 0 
Yards | Mizen, or crossjack. . 55 0 13 0 15 0 
Total weight of the masts and yards : ‘ , ‘ 27 1 0 
Total weight of the ship, with stores and nen Feet. in. Tons 
to a draught of water . . Afore 18 0] _, 592 
Aft 19 4f 
Weight of the hull, to a draught of water : Afore 10 6] _ 

2 Aft 14 6 ae 608 
Weight of the material received on board, in tons : ; 832 
SIXTH RATE. 26 guns. Tonnage, 913 tons. 

Complement of Men and Officers, 240 in number. 
Principal DIMENSIONS. 
Ft. in. 
Length on the gun deck : : . ° . 130 0 
Length of the keel for sennnee ‘ . ‘ . ; 105 9 
Breadth, extreme : 40 7 
Depth in hold ‘ : : ‘ 11 6 
ARMAMENT. 
No. of guns, Weight ofeach. Length. 
2 of 8 i “BO” 7 0 
P of 8 ins. iar SD 
Mamaee a ei 181 46 32 pars. www 40 7 6 
2 32 pdrs. .. 40 7 6 
Quarter deck and forecastle 8 6 32 pdrs. aa 25 6 0 
Total weight of the guns . . i é 3 48 tons, 10 ewts. 


Total weight of the broadside in Ibs. . . - 452 Ibs. 


Weight of each. Total weight. 


Cwts. Tons, 


Weight of the principal anchors (4 in No.) ; 38 


F 3 


cwts. qrs 
12 


Q 
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WEIGHT OF THE YRINCIPAL CABLES. 
Weight of each. Total weight. 


Cwts. qrs. Tons, cwts. qrs. 
2 hempen, of 17 inches circumference . : 
8 chain, of 1% inch diameter of links. - 126 3 .. 19 +O O 
24 8 9 
Weight of the anchors . q : : ‘ : ; 7 12 0 


ee ee 


Total weight of the princrp2l anchors and cables ; : 32420 :°0 





Masts And YARDS. 


Length. Diameter. Weight. 
Feet. in. Inches. Tons. ewts. qrs. 





Main. ‘ ‘ ‘ 66 0 28) ee OTe AO 
Lower } Fore ; , . , 60 0 26 .. 6 #3 O 
Masts Mizen. 2 ‘ 63 6 20> 34 2. “8 1 
Bowsprit ‘ ; 34 0 2G: “493-2 5 0 
Main , ‘ ; . 71 #0 17. («wars 62 100=COOD 
er Kore .. “OL 70 144. 1 14 0 
Muzen, or cross ack. , : 50 0 13 0 14 2 
Total weight of the masts and yards ; ‘ ; ‘ 22 10 8 
Total we'ght of the ship, with stores and equipments, Feet. in. = Tons. 
to a draught of water : ; : : Afore 16 0) _ ge 
Aft cae a a 
Weight of the hull, to a draught of water ‘ Afore 10 6] _ 510 
Aft 14 42" 
Weight of the material received on board, in tons. . ° 450 


SLOOP, rigged as Ship. 18 guns. Tonnage, 462 tons. 
Complement of Men, including Officers, 130 in number. 


Principal DIMENSIONS. 


Ft. in. 
Length between the perpendiculars é ; : : . 113 
Length of the keel for opens : : : , : . 92 4105 
Breadth, extreme ; : § : he . 80 7 


Depth in hold. ‘ : ‘ : : : ; z 8 0 


ARMAMENT. 


No. of guns, Weight ofeach. Length. 
(C'wts. a : 
2 32 pdrs. woe 20° vas 
Upper'deck: -- : : ae 32 pare. sede Lp Oe — 
Total weightof the guns. . ; 16 tons, 2 cwts. 
Weight of the broadside in Ibs . . ‘ j ‘ 288 Ibs. 
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Vee of each. Total weight. 
wts. 


Tons. cwts. qrs, 
12 


Weight of the principal anchors (4 in No.) : 33 


WEIGHT OF THE PRINCIPAL CABLES. 


Weight of cach. Total weight. 
Cwts. qrs. Ibs, Tons. cwts. qrs. Ibs. 
1 hempen, of 14 inchescircumference . 36 2 16 1 16 2 16 
8chain, of 1g inch diameterof links . 90 3 0 13 12 1 4O 


15 8 3 16 
Weight of the anchors’. . . ir a ie : 4 12 0 0 














Total weight of the principal anchors and cables , 20 0 8 16 


Masts. 
Length. Diameter. Weight. 
Feet. in. Inches. Tons. cwts. qrs. 
Main, : . ; 57 6 10 
Fore ‘. A A B26 ve B24 ae 2 15-0 
Masta 4 Misen | 1 Ow gO 47 Ge OB 1 10 OO 
Bowsprit ‘ 29 0O 22: ... 2 4 #0 
Total weight of the masts é ° ° . . : 9 19 0O 
Total weight of the ship, with stores and equipments, Feet. in. Tons. 


to a draught of water . . . ° Afore 8 9 = 480 
Af. l011f — 
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PART 


Scantlings or Dimensions of the principal portions of Her Majesty’s 





—— ae oe eee See Je sa Mat eele le 
—- 





110 guns. 








i Ft. in.! Ft in.| Ft. in. 





Length of the gun deck between the 
perpendiculars, from the aft side of (| 
the rabbet of the stem to the fore { | 204 0 , 207 4 | 190 9 
side of the rabbet of the stern post 


| 
90) guns. | 80 guns. | 
| 
| 
| 


Length on the load water line, from the | 
fore edge of the rabbet of the stem to (' 
the after edge of the rabbet of the 208 0 208 0) 169 0 
stern post . 2. 2. © © « © 


Length between the perpendiculars from >) 
which the keel for tonnage is derived, | 
viz., ‘‘from a perpendicular at the | 
height of the upper deck at the fore }! 207 6 | 210 2} 192 3 
part of the stem, to a perpendicular | ; 
from the back of the post at the | | | 
height of the gun deck lower sills”. J ! 

i 





Length of the keel for tonnage. . . 166 531170 78 155 8 
Breadth, extreme, from outside to out- 
side of wales . re er } en oe ae be? 


posing the thickness of the plank of 


| 
Breadth, extreme, for tonnage, or sup- | 
the bottom to be continued up . 


Breadth, moulded, or to the outside of 
the frame timbers . 


: | 
Breadth at the top timber line of dead ) , | | | 
flat or midship sections | 45 0 47 0 | 


58 4 54 4 | 


Depth in hold, measured from the inner 
edge of the upper side of the limber 


| 
strake to the upper side of the lower oo dee. aur 7 
deck beam . . ei Hs SG | 
Burthenintons ... 4... 309914 | 276123 | 258989 


Gun deck ports, fore andaft . . 3.6; 3 6 3 6 


” 2 ” deep s «© @ 211 211 211 
ey 5 » Bills from deck 2 4 , 2 3 2 4 
3s 6 ee an eer 
” ” ” dee " 2 6 Bd! Wy guases! ol, seemaas 
” ” ” port sill from deck DED ch... Siete. lt! Bisse 


| 

| 

1 

| 

i 

| 

Middle deck ports, foreand aft . . . 
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XIX. 
Ships, usually termed ScHEME oF SoantTiinas. 
: eras 
Frigates, | Frigates, | Corvette, | Steam Screw 80 guns, 
ado: screw. 
































50 guns. | 28 guns. | 18 guns. | sloop. steam | Schooner. 
| 
| 


| Ft. in. Ft. in.|; Ft. in. 





180 0| 140 0| 120 0{|180 0| 193 73] 80 0} 230 0 








180 6| ...... 120 Bj cesses 185 0| 77 8 | 229 4° 
| | 
| 
a Ol os 124 9] wo... 194 43; 8010! 233 8 
| 
| 146 103/113 93] 99 6| 99 6] 169 93] 65 54° 194 
| 52 8| 41 8| 87 6| 86 0| 385 0| 23 3. 55 8 
| 52 2!\ 41 0] 87 2) 85 8} 34 6] 23 0. 54 6 
! 
| Bl 4 | oe 86 8] 35 0| 3811] 22 7 53 8 
\ 
oa ore | 93 61 32 9 | 21 2; 41 6 
! | | 
| | | : 
ee ee ee a eee 21 0] 20 53 910 24 6 
I case 


Ft. in. Ft. in. Ft. in. Ft. in. 


ea] 
Oe eae ee 


ea. ee ae 
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Scueme or ScantLines—continued 


—. _— + 























90 guns. 80 guns. | 
| 


And to be moulded as shown by ‘the 
drawing for building .. ea 


juat 
Oo 
pal 
oS 


to 
pul 
ray 
j= 
Oo 
jt 
pt 
=) 


Sided at upperend . . . 


h—_ 
[v=] 
~ 
Nn 
na 
“eo 


Sided at the lower end, as she keel ‘ 


Inner post. Fore and aft at the head . 
Fore and aft at the heel . 


a a3 


Aa ats 


HO Me 
OM orp 
HO beet 
ooco 6k 


Rising wood. In midships, thick . . 
a +E a ” broad . . 
Height of cutting down in midships above 
the lower edge of the rabbet of the 
keel . . A, ele Beet em aes LO 2 10 2 10 


110 guns. 
2 ies Bein, | oFR ine | Ft. in. 
Upper deck ports, foreandaft. . . .; 8 ' 3 6 35 | 
es ra: (23 Se ee 211 ! 8 O | 
ee port sill from deck ., 1 11 1 il | 111 | 
Quarter deck ports, foreand aft . . . | 3 1; 8 0 ' 8 1 
ie $s » deep .; 2 8 =z 8 , 2 8 | 
ve 3 ~6o”s*port sill from deck .} 1 7 | 1 8 oe 
Main keel, of elm. | | | 
Square amidships ... 1 8 | 1 8 1 7 
Fore end sided . | 1 6 | 0 eee 1 3}! 
After end sided $..% 1 3, 1 5 1 3 | 
False kecl, elm. Thick . 2... No.2 ; fo 1 | o 8 | 
Main keel, elm. | | | 
Horizontal scarphs to be, long . | 4 9 ; 4 9 4 6 
Bolted with bolts of . . Diameter | 0 1} O fj O 1} 
Main stem, English oak. 
Tobe moulded. 2. 2... ee 1 8 110 11% 
Sided at the head . a oh 2 3 1 8 peg 
Sided at the lower cheek 1 8 1 8 1 5 
And to diminish at the junction with 
the keel to 2... ‘ 1 6 1 5 | 1 3} 
Apron, to be English oak. 
Sided atthe head... ; 28} 18! on 
Sided at the lower cheek 1 8 aa bh ded 
Sided at the fore foot, 16/1 65 adhoc ' 
Stern post, of English or African oak. | 
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ScnemeE or ScantTrirnas—continued, 





| 


| 


. Frigates, ' 


80 guns, 


Frigates, 


Screw 
steam 


' 28 guns. 


' 50 guns. 


Schooner. screw. 
sloop. 
eee 
eee 
Ld 


Steam 
sloop 


Corvette, 
18 guns 


to ad 
EQdr OVO OW © OF Ohm xt ao 0 
; ON 
ENA OM AHHH O WO Ysae r mar " 
eee 
ie pearance, Bp east ate ame eens = ea ssn egies res 
: ana Sie 
fone tern god Ho: @ ls : 
ret Ll mere © . mo 
Pe <= ss ta or 
in VAS Eo 00 Kae a °° 
= ame. ne er SS See emigre mithemee “Guan ‘onan’ dean \ Sac Teeter cea atigia Ee I | _ 
9 cee é 
an EAS mmm wv winoton A i 
ee nm pia 
Em two Mri © rn Ord mA r 
Bi en es? 
ee 
90 =e 
: ea. £20 ns) ° co > 8 i 
° eee 
Lm & 2 ° e 
Sasa S120 re 4 | rr 
meas rx 
iis ee fA 
‘ 1d 
rt es es 
=~O We DN hay os As fon nn} oO 
S ad se oe 
0202 O a: : rt ae or nN 
» ams | 
EFOOnW rhe wee : : © 
ctor . . : 
EeNr Nr re a. So 7 N 
aioe 
: to =H 
FOR OCD Oan ; sos . 
ake co} eae =e Co os oS | ee oN Ao O 00 
; 3 . . . . 
LOA oOCcir mre > wo an oe cen te : aor as Or fo | 
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ScnemsE or SoaxntLInas—continued. 


—— 





110 guns. | 90 guns. 80 guns. 























Inches. Inches. Inches. 
Floors. Sided . . . . . «. «. «| 14t016 | 14t0o15 | 15tol6 
oe Moulded . . 2. wwe 163 16% V7 
Ist Futtocks, Sided . . . . . «| 14t0153! 14t015 | 14tol5 
es Moulded a ae ; 15 14 14} 
To be conked to the floor timbers, and 
bolted with square bolts of iron. 
Diameter} ...... 4 t 
2nd Futtocks. Sided . . . ©. «© ~ |1184t0144/184t014 | 133t015 
35 Moulded . . 2. 14 132 133 
3rd Futtocks. Sided . . . . . .1184to144 134 |13%to14} 
re Moulded . . . . 138 134 13} 
4th Futtocks, Sided . . . . . .| 18t013}/123t013 | 13t0133 
5 Moulded . 2... 133 13 123 
5th Futtocks. Sided . ..... 13t0o134! 12to13 | 124t013 
5 Moulded . ... . 133 13 123 
6th Futtocks. Sided . 2. 2. . . «| 18t0134 VES. 1- eeeees 
Moulded 13} Bi i ages 
The ‘other timbers to make up the re- 
quired lengths to follow these pro- 
portions. : . ‘ 
Ft. in. Ft. in. Ft. in. 
Keclson. Tobe square. . .... 1 8 1 8 1 6 
Couked or dowelled to the floors, or 
Jong and short-armed floors. Scarphs 
to be, long 5 6 5 6 5 6 
Keelson bolts, in diameter . 0 1% 0 1} 0 ils 
7 »» number through each floor} 0 1 ; O 1 ef 
Keelson side, to be coaked, and also bolted | 
with bolts of . Diameter| O 12 O 1% 0 13 
Keelson side . . . . . Long .| ...... 30 0 30 0 
Stemson, to give shift to the scarphs of 
the stem and apron. 
Tobe sided . . .... . BB teats Nh. Saeed 
Moulded at the head . .. . 1 0 | a - an ene 
Moulded at the lowerend . te a ee a ee 
Bolted with bolts at the lower part, 
of . - + .« Diameter; 0 13 O Ig] ...... 
At the head . : a <a 0 14 O> TR) eee 
Bottom plank. To be thick ee 0 5 0 5 0 5 


And this part, from 3 feet below the 
light water line upwards, to be of the 
very best quality of English oak. 
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ScHEME oF ScANTLINGS—continuced. 















































. i ,ic ? Screw : 
sion’ | Sigoee” | S@lesne’ | Ess) eae | Sooner) 
Inches. Inches. Inches. Inches. Inches. Ft. in. Inches, 
14tol5 | 12to14 | lltol2 | 10to12 9toll 0 8: | 15tol6 
153 10} 14to9 13 11 0 63 16} 
13tol4 |10}t0113/104toll| 10to12 | 9to11 | O 8} | 15to16 
13 94 8 114 4 0 6} 153 
To ae ese. I eyes iA a ree 5 
138to14 | 10to103 10to9 9tol0 9to10 0 8 ;138}to15 
12 83 8 103 84 0 6 144. 
11}, t0123 93to10 | 91t0o9 | 9tol0 8h 0 7h | 18to14 
liz 73 7 9 7h 0 53 14 
11to113; 93to10 9 8to8} S: <b) keeewes 13t0o13}: 
103 7} 7h 73 a ae 133 | 
103}toll | 9}tolO | ...... 8 ‘fae 13t0o13}4) 
103 7 tea 6} ; a ree 134 | 
Bisoce, SN eee: | “aeehee cll . Sxeeete VIS -detene. SP atid 12} to13 | 
shpenas o| susgete: <p: ceases AA seedeoe, Ge Gaetan fh: Sestaiee 12) | 
Ft. in , | 
Ft. in. Ft. in. Deep, Ft. in. 
1 5 14 11/1 2 i{979 | 010 | 1 8 
| Sided. 
DO. Asaswe,. \T . giosiecs D Bek seeaeds “F  Seawes 5 6 
OAR con 1} 0 13] 0 IZ]... 0 
Oo de css ot) reese O 1 ee ey eee 0 il 
Engine sleepers. 
O: Pel, ceatee ch Aaees OTE OTE agecen: 1 Abate 
2B O |  ivece i fi. estates From l0tol5ft.beyond; ...... |  ...... 
engine room, bulk. 
Misacd  [' dPewed:.-/| waaaet. ee awe “iN, eee: TY) ceseves 1 4 
igeete VY oceee- Ste weece tae ‘lle. \ehonwe 0 8 ne seit anes 
0 5 4 3 0 4 0 33] O 2] 0 5 
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Somzm= oy Scantuincs—continued. 





1]0 guns. | 90 guns. 80 guns, 


ee 








ee 





















7 Ft. in. Ft. in, Ft. in. 
Main wales, English oak. Thick . . 0 10 0 10 0 9 
Middle wales, English oak. Thick . OF BR cteses. <1 cages 
Channel wales. Thick . 0 5 0 5 0 5 
Sheer strakes, crown plank, of long lengths 0 4 0 43 0 44 
| Orlop shelf pieces. Broad. . .. .}] 1 2 2 oe ae ee 
93 39 bP) Deep * s Ss . ° 1 0 0 9 eeence 
a5 35 as Bolts . Diameter{ 0 1} 0 14 ee 
Orlop beams. Moulded .. . 1 38 1 2 1 8 
is ‘3 Sided ... ‘ 1 4 1 2 1 8 | 
5 “ Toroundup .. . Oo 4 0 4 0 33: 
Gun deck beams. Moulded 1 5 1 4 1 4} 
ae:. 55 55 Sided oie 1 5 1 4 1 4% | 
ye BD ss To round up . 0 7 0 7 0 5} 
re?) Flat, thick 0 445/ 0 431 0 4 
Middle deck beams. Sided .. . T (ceed,  <eGuace 
” ” ” Moulded Wks Ws eee. 1) Sewanee 
” ” ” To round up 0 (eet 0 ec a CE a SI 
” ” cy] Flat, thick. . . Os. AY U. atgaks. sll (euthas 
Upper deck beams. Moulded. . . 1 0 1 1 oO} 
a ” 2” Sided o 8 1 1 1 1 J} 
5 55 Y Toround up . 0 8 0 O 7h 
9 ‘ 5 Flat, thick . . 0 4 0 0 4 
Quarter deck beams. Moulded .. 0 10 0 0 8 
3 Pe <5 Sided . . . 011 0 0 9 
3 38 9 To round up. 0 8 0 0 84 
5 és 3 Flat, thick . 0 4 0 0 8 
Forecastle beams. Moulded .. . 0 8 0 0 8 
35 5 Sided . .. . 0 93 0 0 9 
ry, 5 Toroundup.. . 0 8 0 0 8} 
53 ry Fiat, thick . . . 0 4 0 0 3 
Round house beams, Moulded . ., 0 6 0 Oo 53 
” ” ” Sided . . . 0 8 0 Oo 74 
‘3 ‘5 re To round up 0 8 0 0 8 
vs Flat, thick 0 2 0 QO 23 
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ScuEME oF SoantTLines—continued. 
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SoHEME oF SoANTLINGS—continucd. 





ee a a i ee ee ee ee — 














110 guns. | 90 guns. 80 guns. 
Weryht af Iron Knees wsed to attach the | 
Beams of the several Decks to the sides | 
of the ship. iCwt. qr. Ib. Cwt. qr. Ib.|Cwt. 
Orlop . .. . . . © « Weight; 3 014 0 oO 2 
Lower deck . . ... . wa, + Ne pthc tees be ele tee . Hh wa ans 
Gundeck . . .... sy 8 2 21; 3 210! 3 
Middle deck . ..... zs 2 oS V4 ateces Owes 
Upper deck. . ‘ » !|2 0 8) 2 210) 2 
Quarter deck and forecastle, . _ | 1122/1 2 0:1 
Fore step, to be made by two crutches. Ft. in. Ft. in. Ft. 
Sided. . ee ee ee ee ee 1 0 1 
Asunder in the clear see ew ew ef 4 0 3 6 3 
Long . - |13tol4ft.! 14 0 14 
Bolted with 10 bolts, of . " Diameter i; O I 1} tolgin.; 0 
Main step. Sided . . . oe 3 38 3.0 3 
Deep on the keelson . 2 4 1 6 1 
Length such as will allow it to pass 
clear of the well stantions. 
Mizen step. Sided . . .....] 2 O 110 1 
” Deep ° . . © |  wneeee {| eaevee f{ eee 
i Bolted witli bolts. Diam. 0 i: QO I} 0 
Riding bitts. Fore pair, square . . .} 110 ) ae 8 sae 
- 35 After pair, square. . . 1 11 1 8 1 
os 5 Above the deck .. . 5 1 4 10 4 
Cross pieces to riding bitts. 
Fore and aft way . . . «© «© « «© 1 8 1 6 1 
DECR fl Say er eS Sa Se ee 1 7 1 4 1 
Main geer and topsail sheet bitts. 
To be of African timber, and square . 1 2 1 2 1 
Main-mast partners. Deep .. . 1 6 1 5 1 
5 re Broad . . 1 5 1 4 1 
ss 43 Above the beam - 0 8 0 8 0 
Gun deck, breast hook. Sided . . 1 8 1 2 1 
e re ‘is Long . . ./ 18 O | ceecee 16 
Bolted with bolts of . . Diameter| 0 1% O 1% 0 
Gun deck clamps. Thick . . . . .{ 0 9 0 8 0 
Gun deck shelf. Broad. . . .. . 1 4 1 3 1 
Deep i? tate 78 1 4 0 10 1 
Bolted with bolts of Diameter | 0 14 0 14 0 
Gun deck spirketting. Thick. ; 0 6} 0 7 0 
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SoHEME OF ScANTLINGS—continued. 




















Frigates, | Frigates, | Corvette, Steam Screw ; 80 guns, 
50 guns. 28 guns. 18 guns. sloop. flock: Schooner.| screw. 
Platform. 
Cwt. qr. Ib. Cwt. qr. Ib.;Cwt. qr. lb. Cwt. qr. Ib. 
een | siecee . \:*enaies by aedaas 0 116 ...... 
A Oe OO gesetae Wh. mdoate. Vio wikeeoes Cle couekeay ie “aueete 
Bes! | ee hoe aa ae ees 
2-2, OT ISAO: FSO). sesstes. A, - hates oneses 
1. oOo dS a OO). eee hs Beeced Oe BAW” Season 
Ft. in = 
a SI | thee. GY eke, We etter: Vie. aes. Al) Capito 
oe SE! eee SE vale “Heo aaa, Als idee: I edtabads 
aa Oe ch, eesek, Ae “apie, CW? femeeee:. ihe iota, 4) Goukeue 
Oa sects, Ue Actees, fe agawaes “I cmeened: SP ewes 
ZAG gees  aghatiog.. UD. Coaeailae 1 ngtereees  waty ‘ive 
We10 |... eSaroee Veewies “| aweaee re 
OS, ih ena Ai! ogee - i? Saas seutde: Jl. ~axawee 
Be Go Ge cates: CU) deetade | iy Jesmgee: (1S ecated l saenass ie 
OD uk isacete A eseut oot, ie feats: Sethu “ia 
1 a eens renee eres en) Ee =. 
Me Or Ny etc! Pn. Sbnctetse “Ai. “eae - WI , tev eets 2 
BDO Seiko Ae! gaaceee® Wy mute “Aw eieeneee “he” cebbees a 
<j 
A Pe oo eee, ll gugeae> Uh) wees peeGas “Ni: ~seegee 
SB eee. ll astiee  Sawaealy ies Sh aaaie 
Bo UP he. 2 secre lh | aoe seee-- 29) -baeeew, A. oeekew 
mee OP scented “cb geet A sdeeet 4s edad. I datos 
A ee . bere: ie Aiea ieee. Se eieee “> aGkoutg 
OLS: Gh etieas OP - eatgtar.  eadotan? Me. tu@eseu> HO cebu 


118 RUDIMENTARY TREATISE 


Soneme or Soanriinas—continued. 





110 guns. | 90 guns, 80 guns. 





ee 


’ Ft. in. Ft. in. Ft. in. 
Gun deck waterways. Sided. . . . 011 0 11 011 
Pe - Deep . 1 2} 1 i 1 2) 
Middle deck shelf. Broad be 7S D. COs i. Uetewer i genes 
33 a7 a) Deep 2 oa Ld ba 1 0 wecceee | evvvce 
” ” ” Bolts . Diameter Oy 18: eeeeete. ol, eens 
Middle deck waterway. Sided . . O-102,1.; scswsc:. “iP eases 
” ” ” Deep . Der ceittetee LAL Spal 
Middle deck spirketting. Thick . 0 Al? seheee: WS cts 
Upper deck, deck hook. Sided . . . 1 2 1 O 1 i 
ae s es Bolts Diameter| 9 14 0 12 0 I 
Upper deck shelf. Broad. . . . 1 2 1 0 1 4 
Sap we © sDeept wi ace ek Se 0 8 Oe] 0 
oa fe Bolts . Diameter; 0 13 O 13 O 14 
Upper deck waterway. Moulded 0 10 0 10 0 10 
” ” ” Deep = ee 8 1 2 1 0O 1 14 
Upper deck spirketting. Thick . . . 0 65 0 5 0 5 
Quarter deck clamps. Thick. . . 0 4 0 4 | ...... 
Quarter deck shelf. Broad . . . . 1 0 1 O 1 2 
” »  » Deep - + e| 0 9 0 71 / 0 8 
- 53 es Bolts . . Diameter 0 12 0 il 0 il 
Quarter deck waterways. Moulded. 0 9 0 9 0 gt 
ey ” Deep. . -} O11 0 10 011 
Quarter deck spirketting. Thick. . 0 3 0 4 0 38} 
Cat heads. Fore and aft 1 8 1 7} LY 7 
- Deep... 1 6 1 5 1 5 
Rudder head, to be in diameter . . 2 3 2 3 2 8 
Iron riders in the hold. Broad . . . 0 6 0 6 0 6 
r is Pr Thick - 0 13 O 14 O iJ} 
a5 eo ‘. Bolts Diam. 0 14 O 1h O 13 
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ScHEME oF SoANTLINGS—cortivwed. 
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PART XX. 


Method of expanding (by means of the Sheer Drawing or Draught) the 
Bottom of a Ship on Paper, or a Delineation of the whole Surface of the 
outside of the Timbers that compose the Frame of her; a mechanical 
operation that enables the practical ship builder to arrange a disposition 
of the plank and thickstuff as a covering to the timbers of the ship under 
the breadths, lengths, and positions that will be the most advantageous for 
strength to the ship and economy in the conversion of the store of 
planking. 

THE expansion of the outer surface of the timbers of the 

frames being attended with some trouble, and requiring a 

little more attention than the other ordinary duties of the 

draughtsman, it may be thought by some that such a de- 
lineation of the planking might be dispensed with, without its 
being detrifnental to the process of planking or skinning the 
bottom of the ship. True it is that the ship builder may, 
with the quick eye that long practice has given to him, deter- 
mine at a glance the positions of the least girt of the body 
from the keel to the wales in the fore and after portions of 
the ship, and by girting the frame of the vessel at these places 
ascertain the contraction or extension of the breadths of the 
bottom plank that may be necessary to make it fit to the 
timbers or ribs under the most advantageous form. But the 
surface presented by the bottom of a large ship is a wide field 
for the human eye to travel over and fix on it the station of 
each butt or end of the numerous planks composing the skin 
or covering of the timbers, besides having at the same time 
to bear in mind also, that they have reference to the arrange- 
ments of the internal portions of the planking; and thence 
time will be saved and a more perfect floating structure be 
built, if the following method be adopted (even under a rough 
guise) to describe, by lines on paper, the edges of the wales, 
diminishing plank, and plank of the bottom. 

The required expansion is-obtained from the sheer drawing 
of the ship (Plate 1), with the aid of a midship section of her 

(Plate 2), on which the draughtsman has shown the sectional 
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ketch 1. 
Expansion of Plank outside. Fore Body. 
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Sketch 2. 
Expansion of Plank. Midship Body. 
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areas of the different strakes of wale, diminishing plank, and 
plank of the bottom. 

The base line of the expansion is assumed as a representa- 
tion of the middle of the rabbet of the keel, or the lower 
boundary of the surface of the timbers of the frame, of which 
surface the proposed expansion is a development (Sketch 2, 
of Expansion, p. 122). 

This base line will be necessarily a straight line, the keel 
partaking of no part of the form of the body of the ship; 
therefore from the sheer draught (Plate 1) take the stations 
of the frames as shown on that drawing by straight lines at 
equal distances apart, and transfer them to the straight line, 
assumed as the base line, to represent the middle line of the 
rabbet of the keel, the after end of such line being governed 
in length by the after edge of the rabbet of the post at the 
height of the middle of the rabbet of the keel; and the fore 
end running as far forward as the form given to the ship 
forward, makes the middle line of the rabbet of the keel a 
straight line. 

The heights (Plate 1) on the sheer draught of the slip 
from the line representative of the middle of the rabbet of 
the keel to the lines descriptive of the edges of the several 
portions of the planking, would be projected heights, or, 
artistically speaking, fore-shortened heights; but the expan- 
sion requires that the shortened height should be extended to 
its whole length as an ordinate of the surface of which it is a 
part; and to obtain such, the length must be taken round the 
section of the frame on the body Plan, or what is termed the 
girt, to the point on the section which is descriptive of the line 
of wales, diminishing plank, or plank of the bottom (as shown 
in Sketch 2, of Expansion, p. 122). 

The midship frame and its planking, under these circum- 
stances, is first expanded in height, which is done by 
penning a thin batten round the midship section (Plate 2), 
and marking on it the middle of the rabbet of the keel and 
the points denoting the edges of the wales (as x), sheer strakes, 
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upper and lower sides of ports, &c.; and this batten being 
allowed to fly straight, is applied to the straight line, which 
is assumed to be representative of the midship section in the 
sheer plan. ‘The mark on the batten, which was made to 
denote the relative position of the middle line of the rabbet 
of the keel, being kept well with the base line before de- 
scribed, and the batten lying square to that base line, the ex- 
panded hefghts, from the middle line of the rabbet of the keel 
to the several portions of the planking, viz., wales, ports, &c., 
are transferred from the batten to the paper. 

The heights of the wales, ports, and sheer strakes, &c., as 
determined by the draughtsman on the sheer drawing (Platc]), 
are next to be transferred from the sheer plan to the body plan ; 
and these are again, by their breadths, thus obtained on the 
body plan, to be run off or developed for Jength on the 
half-breadth plan (as shown in Plate 1), as curves, which in 
the half-breadth plan are descriptive of the wales, port, sill 
lines, sheer strakes, &c., through the length of the ship. Pen 
or bend thin battens round these curves, and mark on each 
batten the points where these lines severally cross the line 
denoting the midship section of the half-breadth plan, and 
also where each timber, as denoted by a straight line, crosses 
the same curves, viz., those that, in the half-breadth plan, 
severally point out the line of the wales, sheer strakes, water 
lines, &c., thus giving the girts of these points from the mid- 
ship section each way. This will give for length, the ordinates 
of the expansion which are due to the several points of the 
wales, sheer strakes, water lines, &c. For height, in a similar 
manner pen battens to the girts of the other sections in the 
fore and after bodies of the body Plan, from the middle of 
the rabbet of the kecl, and mark on them the positions of the 
upper and lower edges of wales, sheer strakes, height of water 
lines, and decks at the side, &c. 

Under these considerations, for each point of these lines 
there are two expanded dimensions obtained, one for height 
and the other for length; and the two are capable of being 
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set off, from common standards: for length from the midship 
section, each way; for height, from the base line, assumed as 
the middle line of the rabbet of the keel; but the expansion, 
being a surface, admits but of two dimensions for each point, 
and thence each point of the planking can be determined by 
the method that has been given, and the full inner surface of 
the planking be depicted; and the doing so will allow the prac- 
tical builder to arrange the butts of his planking on paper on 
his drawing board. A rough block model will greatly assist 
the expansion drawing, as a batten can be penned on it, and 
the best positions for the planking be determined by it. 


REFERENCES TO THE SKETCHES OF THE EXPANSION OF THE 
FORE, MIDSHIP, AND AFTER BODIES FOR THE PLANKING OF 
THE OUTSIDE OF A SIIIP. 


These three would form in practice one expansion, the 
restricted size of the plates of this rudimentary work requiring 
the division that has been made into fore, midship, and after 
bodies. 

On the fore body expansion (Sketch 1, p. 121), made as de- 
scribed by the text, the position of the hawsc holes, bow port, 
cheeks of the head, &c., arc marked. The cheeks are placed 
in the centre, or nearly s0, of a plank, that the planks may 
be caulked or made water-tight in their seams or joints with- 
out the cheeks being removed or unbolted, an operation that 
would be attended with some expense and loss of time. The 
butts are also shown, with three planks between them. 

The several methods of working the planks, under the con- 
versions styled top, and butt and fair edged, are also shown; 
and a steeler, to take out the sny of the plank, is also 
delineated. 

This description of the fore body expansion will serve to 
elucidate the terms for the form of plank shown on the 
midship and after body expansions, 
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PART XXII. 

Description of the Fittings to the Riding or Mooring Bitts.—Common— 
Elliot’s.—Description or Reference to Plate 5.—Deck Hook, how formed, 
Iron Crutches.—Iron Breast Hooks.—Cleats, their form and uses, 

Sketch 4. 
Sketch of the Riding or Mooring Bitts, as fitted in Her Majesty’s Ships of War. 
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DESCRIPTION OF SKETCH 4. 


Sectional elevations and plans of riding bitts: the one as commonly fitted 
in ships of war, the other as fitted on a design suggested by Admiral Elliot, 
of the British Navy, to be practised where want of room on the deck or plat- 
form for the training of the guns makes it expedient that a portion of the 
common method of fitting, viz., the cross-piece, should be dispensed with. 
The methods of arming both descriptions of mooring bitts with iron are also 
shown, such fortifications being necessary to protect the mooring bitts when 
chain or iron cables are used; but these fittings are so adapted, that the 
bempen or rope cables may be worked round them without injury to the cables. 


REFERENCES TO THE SKETCH. 
Figs. 1 and 2, Riding Bitts on the common plan, having a cross-piece (b). 


a, A sectional elevation of the riding bitt above the deck (4). The section 
(a) being drawn on a scale, is descriptive of the size of the bitt, which, in 
the first-rate men of war, is 1 foot 10 inches. They are usually of oak. 

b, Sectional elevation of the cross-piece to the bitt (a), which, in size, for the 
first-rate, is 1 foot 8 inches in the fore and aft direction, and 1 foot 7 inches 
deep. (Vide the appended scheme of scantlings for ships.) The cross- 
piece (0), which is of oak, extends across each pair of riding bitts, and the 
ends of it project beyond them, thus tying the bitts together and forming 
a larger surface to wind the cable round, by which means the friction is 
increased and the security for the cable made more firm. The cross-piece 
is made to clasp the correspondimg riding bitts of each side (or the two 
fore or two after ones) by what is termed a facing or scoring over 
them (i, fig. 1). 

c, An iron casting or iron hood, which is hollow, and fitted over the square 
of the bitt head as shown in the plan (fig. 2), by the corresponding letter 
(a), in which sectional plan the thickness of the iron in the hood (c) of 
fig. 1 is depicted by the distance between the concentric circles containing 
the distinguishing letters (c), This casting has a flanch or projection cast 
to it (4), which forms a shelf, as it might be termed, for the turn of the 
cable round the bitt, to rest on; and (<Q), face piece of elm used to succour 
the cross-pieces (0). 

e, A casting of iron employed as a shield to the cross-piece (/) and face piece 
(d@), to preserve them from the severe friction which arises from the iron 
cable running over them when the cable is bitted for stopping the motion 
of the ship after the anchor is let go, which motion has to be checked by 
the cable being compressed and allowed to slip gradually round the bitt («) 
and. cross-piece (0). 

J, Arming of casting iron to protect the side of the bitt (a) below the cross-picce 
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(6) from the rub or chafe of the iron cable. The plan section of / is 
shown in fig. 3, where a is a plan section of the bitt, and £ the same of 
the iron casting (f) of fig. 1. 

g, At ga wooden knee or standard to the bitt (a) is worked to support the 
heavy strain brought on the bitt (a). The bitt (a) usually runs down 
through two decks, but is not secured by a standard on the lower one. 


REFERENCES TO THE SECTIONAL ELEVATION AND PLAN oF THE RIDING 
Birrs WHEN FITTED WITHOUT A CROSS-PIECE, OR WHEN FITTED ON A 
PLAN SUGGESTED BY ADMIRAL ELLIOT, OF HER Magesty’s Navy. 


A, Worm or thread cast in the under iron hood (2), forming the lower sepa- 
ration between the turns of the chain cable, two or three of which turns 

« are usually taken round the bitt head when they are thus fitted. 

a, Plan section of the bitt head, with the iron hood (/) round it. 

B & C, Mortices or holes cut through the lower hood (?) to receive the cable 
supports to keep the other turns of the cable separate. The cable supports 
which are inserted in these mortices are described in the figure, both in 
plan and elevation, by sections, that of plan being marked e, and the 
elevation a. 

D & E, Holes through the upper casting (c), to receive round bolts to prevent 
the upper turns of the cable from flying off over the bitt head when the 
cable is veered out for anchoring the ship. 

F, Standard or wood knee to the riding bitt, to which the flange of the lower 
hood (J) is secured ; but the standard (I) is principally designed to support 
the riding bitt and resist the strain brought on it. The standard to be, in 
height from the deck, about twice the diameter of the hempen cable. 


The riding or mooring bitts on this principle are not required to be so high 
above the deck on to which they are placed as those fitted with a cross-piece ; 
and although a faulty construction in the deck plan of a ship, in its not 
affording space for the required evolutions of the foremost guns of the battery 
without the removal of the cross-piece to the riding bitts, may make the bitt 
without a cross-piece to be a fitting that may be tolerated in practice: still, the 
twisting strain brought on the bitt head when the cable is veered round it 
has a great tendency (from the bitt head being unaided by the cross-piece, 
and isolated, as it were, from any support from the other bitt) to destroy the 
bitt by wrenching it out of its place. In some instances, when thus fitted in 
the navy, such an occurrence to the riding bitts took place, and the evil was 
in a measure rectified in the subsequent fittings on this plan by deep cailings, 
or as it were shores, being worked athwartships between the two bitts. This 
plan would soon be obsolete if the deck plan of the naval construction wag 
made with due regard to the requirements of the naval artillerist for working 
and training the guns. 

a 8 


Dack Hook, descriptive of the portion of the Frame of the Ship alluded to at 
page 55. 8 


Fig. 1. The parts marked aa are of wood, and are calle& ekings. They are in 
depth the same thickness as the moulding of the beams, and are scarphed 
together at the middle as shown by the fig. An iron hook is then worked 
over them in thickness as described in the fig., of the breadth of 5 or 6 
inches, and the whole, or the wood ekings and the iron hook, bolted firmly 
to the timbers and plank of the ship as shown in the sketch, the bolts (8) 
decreasing in diameter from those shown at the scarph of the ekings to the 
outer arms. The bolts in the throat of the iron hook, in a large ship, are 

usually 1}-inches bolts; and at the ends of the same 3 or } of an inch 
in diameter. 

% &c, Figs. 2 and 3. Iron crutches or staples, marked m, used internally to 
tie the two sides of the ship together in the after extreme of the vessel, 
the centres of them, at 4 and c, being on the upper sides of the after dead- 
wood, and the arms laying across the heels of the timbers, so that the bolts 
shown in the sketch are each in separate timbers. 

A & B, Figs. 4 and 5. Iron breast hooks, performing the same office in the 
fore extreme of the ship that the iron crutches do in the after extreme, 
and they are placed between the deck hooks. 


Cleats or Mechanical Contrivances for the reception of the Heads and Heels 
of the Shores which are employed in putting together the Frames of a Ship, 
and those used in the several portions of her planking and of her general 
construciion. 

a, Wale cleat, or one of those which are placed on the wales after the 
planks so denominated are worked. The cleats are secured to them, in 
the Queen’s service, by Mr. Blake’s screws, and in the merchant service 
by large nails, driven on a ring to insure their removal when they are no 
Jonger required. The nails used are called spike nails. The upper score 
or notch of this cleat is intended to receive the head of a shore, called a 
wale-shore, which is placed with its head above the level, the heel or outer 
end being brought to the standards or uprights which usually surround 
building slips. These shores preserve the form while building by pre- 
venting the sides of the ship from falling outwards. The lower score 
receives the head of a shore, the heel of which is down on the groundways 
of the slip, and which heel is kept in its position by a cleat (6), also 
secured with Blake’s screws or nails. These shores take, in part, the 
weight of the ship. 


and heels of the timbers, viz. F. H. for floor head, 1H. for first head, &c. 
Cleats of the description marked C, in this plate, are nailed to the frame in the 
positions pointed out by the shaded sections of wedges placed inside of it. 
Between these a board is placed, described by e, which acts as a shore, and 
prevents the upper and lower parts of the frame from coming together when 
it is being raised, and forms a ladder for the workmen to ascend the frame 
and fix the cross paul, or what may be termed a tie, to keep the frame to its 
proper spread or width athwartships, On this section will also be found the 

positions of the several ribbands, as marked Ist S. R., &c., which is an abbre- 

viation of the Ist sirmark ribband. <A rope or chain is, as an additional 

security, wound round the frame and shore at the middle of ¢, and set taut 

by wedges on ¢, 


PART XXII, 


Description of the several Modes used in Her Majesty's service for uniting 
the Beams to the sides of the Ship.—References to Plate 8, oy a descriptive 
Drawing of a Compressor for the Chain Cables. 


DESCRIPTION OF THE SECTIONS OF IRON KNEES TO BEAMS, AS 
SHOWN IN PLATE 6. 


Scale, 4 of an inch to a foot. 


Fig. 1.—Iron plate knee, on Mr. Roberts’s plan, with the waved arm to the 
beam arm, as described in fig. 3, Plate 7, 

Fig. 2.—Plate knee of iron, used by Mr. Roberts for connecting the chocks 
worked to receive the plate knees of tle lower deck of line-of-battle ships, 
with the orlop beams of the same, the arm marked (B) running along the 
orlop beam, and the other arm up the chock. 
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Fig. 3.—Front view of the beam arm of a knee, introduced by Mr. Lang, 
Master Shipwright of Woolwich Yard, in building the Royal Albert, of 
120 guns. The knee, running down from the lower deck beam, passes the 
orlop deck, as shown in the fig. 

Fig. 4.——-The front view of the side arm of the same knee, with the position 
of the bolts. These knees have a great tendency to render the fabric firm, 
the knee performing the double office of a knee and a brace. 

Fig. 5.—Section of a horn knee, with three bolts in the horn which clasps 
the beam. 

dig. 6.—Iron plate knee used by Mr. Roberts, with the intervention of a 
chock, to unite the orlop beams to the side of the ship. 

ig. 7.—Plate knee of fig. 3, plate 7, without the chock, the description of 
which is there given. 


DESCRIPTION OF THE SECTIONS OF IRON KNEES TO BEAMS, AS 
SHOWN IN PLATE 7, 


Srale, 4 of an tach to a foot. 


Fiy. 1.—The section of an iron knee, for the security of the beam ends to 
the side of the ship, introduced into the practical carpentry of the British 
navy by Sir William Symonds, late surveyor of Her Majesty’s navy, 
The section shows the thickness of the iron in the side and beam arms of 
the knee, which are worked to the internal planking, with the breadth of 
iron of the horn or clasp of the knee to the beam. 

Fig. 2.—Front view of the same knee, drawn with a cast or a diagonal 
direction given to the side arm, being the form of iron knee that is used 
where the beams of one deck are adjacent to the ports on the other. The 
section gives the breadth of the side arm of the knee and the thickness of 
the horn that clasps the beam. The upper bolts, or those in the throat or 
thickest portion of the knee, are, in large ships 1} inches in diameter, the 
lower ones, or those in the extreme ends of the knees, being } of an inch 
in diameter. The intermediate bolts in both side and beam arms being 
graduated in size between these limits of 14 inches and { of an inch, the 
nib or turned-up portion of the beam arm of the knee (shown in fig. 1) is 
let up into the beam before the iron knee is bolted. 

Fig. 3.—Side section of a beam, and a chock worked to receive an iron plate 
knee, introduced by Mr. Roberts, many years master shipwright in Her 
Majesty’s service. The objection made to the use of this security of the 
beam end to the side of the ship is this: that the bolts in the beam arm, 
from being all in one range of the fibres of the wood, have a great tendency 
to split the beam end. The projector, Mr. Roberts, to overcome this 


ON SHIP BUILDING. 133 


serious objection, made the upper arms of these plate knees in a waved 
form, vide fig. 1, Plate 6, which in some measure obviated the objection 
by keeping the bolts from being in one range at the beam end. 

Fig. 4.—Front view of the chock under the beam, with the plate knees 
let into the chock, their thickness 1} inches; and descriptive also of the ends 
of the plate knees next the side of the ship being turned round to lay 
against the side of the ship, and to take two bolts through them. 

Fig. 5.—Iron knee used as the security for the beam ends of the poop of a 
line-of-battle ship. It is usually denominated a dog plate. The upper 
part of the knee is formed as a round bolt, long enough to pass through 
the beam, as shown by the figure, the bolt being clenched on an iron ring 
or plate upon the upper side of it. The bolts in the side arm (4) pass 
through the shelf and side of the ship. 

Fig. 6.—Usual hanging knce of iron, used on the lower deck beams of 
frigates, orlop and quarter deck beams of line-of-battle ships. The section 
is descriptive of the thickness of the knee at the several parts of it, and 
gives the positions and size of the bolts in each arm of it. 

Fig. 7.—Front view of the up and down arm of the same knee (fig. 6). 
This knee is worked home to the internal planking without the intervention 
of chocks, as in the knee described in fig. 4. By this arrangement the 
length of the bolts is decreased, which reduces the expense of materials 
and the weight of the hull of the ship; the shrinkage of the chocks is 
avoided, and the work, from these considerations, is stronger and more 
economical. 

Fig. 8.—Iron knee for the security of the upper deck beams of line-of-battle 
ships, of which fig. 12 is the front view of the side arm ; also showing the 
horn or clutch of it to the beam. The bolts are also depicted. The same 
rule is used for the diametcr of the bolts as was given for the lower 
deck knees. . 

; Fig. 9.—Side section of the plate bolt (fig. 5). This gives the thickness of 
the plate iron, and the position of the bolts. 

Fig. 10.—Horn knee, introduced by Sir Robert Seppings, for the security of 
the lower deck beams of line-of-battle ships. The dowels in the beam 
and shelf are shown in it, and the bolts through the horn and beam. 

Fig. 11.—Section of fig. 10, giving the thickness of the side arm of it, and 
the breadth of the horn which clasps the beam, and the stations of the 
bolts for securing it. 
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REFERENCES TO PLATE 8, 

Or a Description of the Elevation and Plan of a Compressor or Stopper 
used in Her Majesty's Ships for checking the Chain Cable when running 
out round the Riding Bitis after the Anchor has been let go. 

Scale, 1 inch to a foot. 


Evxvation. Fia. (1). 


a, Section of iron pipes forming a tube for the cable to run through, the 
links of the cable being shown in it. 

b, A chock let down through the deck (c) on to the beams, as described by 
the sections d, <2. 

ce, Deck or platform on beams. 

d,d, Beams to receive deck or platform. 

g, Compressor of iron or bent lever pivoting on the bolt #, and which, by 
the use of a tackle to the end, is made to force or compress the chain cable 
against the pipe and beam, and thus increase the friction on the riding 
bitts and crosg-piece. The chain cable was found under such a fitting to 
force down the compressor and the bolt (7) which Iced to the introduction 
of the strap (v) bolted to the beams (d, ¢). 

mm, Carlings of wood Ict down between the beams (dd) to form a bed for 
the iron pipes, a, 


Fig. 2, Plate 8. 


References to the Plan of the Compressor, which Plan is supposed to represent 
the underside of the Deck and Beams. 


a, Pipe or tube for the chain cable, which in men-of-war is governed in diameter, 
by being in size § of the diameter of the hawse pipe in the clear. 

add, Undersides of the beams. a 

g, A section of the compressor showing the form of it. 

k, Head of the bolt (f of elevation) on which the compressor revolves, 

#, A fan or counterbalancing arm worked in the compressor to assist the 
staple marked ¢ in keeping the compressor in its place. " 

?, An iron plate screwed on to the underside of the beam, to form a hard 
surface for the fan (2) to work upon. 

e, Strap to support the compressor (9). 

This plan for the compressor, which was introduced into her Majesty’s ships 
when iron cables first came into use, owed its invention to Captain Chas- 
man of the British navy; the additions, viz., the fan (4) and strap (e), 
practice suggested, and, with these improvements, it is preferred to the 
numerous schemes that have been brought forward to effect the same 
end. 
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PART XXIII. 


The Mechanical Power employed to raise the Anchor.—Methods used for 
uniting the Cable with the Capstan.—The Fittings of the Capstan should 
be well tested.— Power Capstan attained by Machinery not advisable for 
a Man-of-War.—Plate of Common Capstan, or one on which a Messenger 
is used.—References to the Plate.—Plate of Brown’s patent Capstan, to 
which the Cable is brought without the intervention of a Messenger,—. 
References to the Plate, — Windlass, 


DESCRIPTION OF PLATE 10, OF THE CAPSTAN. 


Scale, + of an inch to a foot. 

THE mechanical power employed in ships of war and in the large vessels used 
for commercial purposes, to heave in the cable, and thereby raise the 
anchor, is a modification of the wheel and axle, or of one of the six 
standard machines of mechanical science; it is technically denominated a 
capstan—one portion of which, called the barrel, round which the rope is 
wound, answering to the axle of the mechanical machine ; the other part, 
the head with the bars, being analagous to the wheel of it. To set this 
machine in motion, a moving power (the crew or ship’s company) is 
applied to the bars of the capstan or wheel, and the rope being by this 
means wrapped round the barrel of the capstan or the axle of the machine, 
the weight or cable is raised. The cable itself is not generally attached 
to the barrel of the capstan, but it is connected with it by the intervention 
of a rope or chain called a messenger which does pass round the capstan, 
and is made to unite itself firmly to the cable by what in nautical terms 
are styled nippers, as being expressive of the close connection they cause 
between the cable and the messenger. The messenger before mentioned 
is a rope or chain formed into a long loop, and in length, when of rope, 
so as to allow of three or four turns of it round the barrel of the capstan 
and then for cach part to reach to the hawse holes, the two ends being 
there united to form an endless rope. When a chain messenger is used *, 
the links of the chain messenger are worked over studs placed on the 
capstan, as shown by fig. 8, which decreases the length of it by the three 
or four turns round the barrel or axle of the capstan which are required 
when a hempen messenger 1s used to withstand the strain brought on it, 
and prevent the messenger from slipping round the barrel of the capstan. 

The fitments of the capstan should never be slighted, the efficiency of 
it being essential to the safety of the ship, and its power and facility 


* The links should have been shown without the stay pins. 
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Plate 10, Fig. 1. 
Scale, 4 of an inch to a foot. 
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Brown’s Patent Fittings to Capstan, without Messenger. 


i 
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for use should be increased as much as the simplicity required in all 
mechanical agents for ship use will allow, But the use of mechanical con- 
- trivances for incrcase of power in the capstan, which involve iron in their 
construction, should, for nautical purposes, be adopted with caution, as the 
corrosion which rapidly takes place in that metal, tends to render them in- 
efficient, while the jerk or surge which will necessarily arise from the power 
used, that of men rallying or jerking at the bars of the capstan, cannot fail 
to break the iron. The complement of men on board a man-of-war, is always 
sufficient, under ordinary circumstances, to purchase or raise the anchor 
by a capstan of the most simple construction, and thence increase of power, 
or what may be termed the means of dispensing with a number of men, 
is not a consideration ; for it should ever be remembered that no increase 
of power can take place, without a corresponding decrease of velocity in 
the weight raised ; or, that if 40 men were required to raise the anchor 
by the capstan when under the old form—that of the simple wheel and 
axle, and that by mechanical contrivances being attached to the capstan, 20 
men were enabled to do the same work, then the 20 men would have to 
move the improved capstan round twice as fast as the 40 men moved 
the old capstan round, or otherwise they would be twice as long about 


it. 


References to Plate 10, of the Capstan, p. 186. 


Fig. 1.—Elevation of a double capstan or of such as are usually fitted to fri- 
gates and line-of-battle ships of the navy. It shows in perspective the whole 
machine ; in frigates the upper barrel comes on the quarter deck, the lower 
barrel being on the upper deck, on which the hawse holes also are placed. 
In the line-of-battle ships the lower barrel is on the lower deck and the 
upper barrel on the upper deck or middle deck, according as the ship is 
one with two or three tiers of guns, all fore and aft of her. 

AAA, Iron spindle extending from upper point a to the lower point 
marked A’. This spindle should be well forged, and should be of the 
best materials, the whole strength of the capstan depending thereon; it 
is also placed in a turning lathe, by which the cylindrical form requisite 
to make it work accurately is ensured. 

B, Hoop and plate on the tenon of the upper barrel, by means of which 
the barrel is united to the spindle A at the upper part. 

o, A similar plate and hoop for security of the lower end of the upper 
barrel of the capstan, 

D, Hoop in the partners of the upper deck working in # metal bush or 
socket, thus forming a support for the spindle a to work in through the 
partners or deck, 
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x, Drop pauls or pins to connect the upper and lower capstans; and here 
some explanation is required, which is this: that the spindle a passes 
through the lower capstan without being united to it, or, in other words, 
the lower capstan has free play or movement round it. 

¥, Upper connecting plate, which is strongly secured to the spindle A. 

a, Lower connecting plate, which is let firmly into the trundle head H; in 
F and @ corresponding holes are made to receive the drop pauls (E). To 
attach the lower capstan to the upper one, or to the spindle a, the drop 
pauls, £, are let down through the corresponding holes for their reception 
in the connecting plates F and a, by which the trundle head of the lower 
capstan, and thence the barrel of it, is made one mass with the upper cap- 
stan. This power of connecting and disconnecting the two barrels or 
capstans gives the facility of using the capstans at one and the same time 
for separate purposes—the one of heaving the cable in, and the other to 
raise the lower yards or the top-masts, 

1, Paul head; receiving the pauls or stops to prevent the recoil of the 
capstan. 

8, A paul or shore of iron swivelling on a bolt, which is shown up or in the 
position in which it is placed when not required for use. 

7, The same paul or a similar onc, down and in use—the lower end being 
dropped into the paul rim V against a stop formed in it. 

v, Paul rim or racket, let down into the lower partners and bolted firmly 
to them ; indeed on the security of this rim the safety of the men at the 
bars mainly depends, and care should be taken in fitting it. The plan 
section of the paul rim is described by fig. 2. 

it, Metal step or socket for the lower end of the spindle a to work in. 

nN, Collars or stops on the spindle a; the upper one is necessary to keep 
the capstan from rising, which it would prevent by its coming in contact 
with the underside of the partners at p; the lower collar prevents the 
lower capstan, when used separately from the upper, from rising by its form- 
ing a stop to the upper connecting plate r, should the lower capstan be 
forced up while in use. 

o, The whelps or ribs of the capstan ; they are formed in a curve to give the 
surge which is required to prevent the turns of the messenger on the 
barrel of the capstan from rising too far up them. 

Pp, Chocks placed between the whelps to steady them. 

w, Holes to receive the bars which work the capstan; to secure these bars 
when shipped or in place, holes are bored down through the head of the 
capstan and through the bars, and pins are placed in them, and in addition 
the outer ends of the bars have a rope wound round them to join them all 
together, and the latter is termed swifting the bars. 
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Fig. 4.—Section of a capstan bar, not on scale. The number and length 
required to each rate or class of ship of war are subjoined :— 


Rate of Ship by the 


mamber of Guns. No. of Bars. Length of Bar. 
ft. in. 
From 10 to 14 guns ciccocosccccscosccevcsss 8 scovs eee 8 6 
From. 16:16:°18*- 3.” dcececaveccestecsccecs rr O) Sausawee 9 O 
Corvette of 800 tons measurement ......... Oe ceee ewe D9 6 
Ship of 28 guns .......ccccccccccecvcers LO: aastseus 10 O 
“ 36 to 52 QZuns...ccccscccccceece AZ pisesnees ll 6 
Pe 74 QunB ....ccceese Sea cuuseveusw fee eer 12 6G 
a9 BO. ns: dogtesrwseuwneeveeen ence pe ee 13 0O 
- 100 to 110 guns ........... eee 14 ..... wee 18 6 
is 120 Buns. si pesescaccsesesecueseies L4x hapieesse. LAO OD 


Plan and Section of a Capstan fitted by Brown, of London, for the use of 


the Chain Cable without the tutervention of a Messenger, vide Sections, 
p. 137. 


a, The upper capstan fitted as formerly described. 

b, Elevation of the lower capstan with fittings at the lower part of it formed 
of iron, the ribs, g and g, in it acting like teeth or sprockets to clasp the 
cable, similarly to the sprocket-wheel with studs, as shown, Plate 10, 
fig. 3, of the common capstan, when a messenger is used. 

e, Elevation of a friction roller, round which the cable is wound as shown on 
the plan, four being used as marked, e. 

d, Of the plan shows the compressor for stopperizg the cable. 

h, The cable leading the hawse hole. The method of bringing the cable to 
the capstan may be traced on the plan; the links shown in dotted lines 
being those in contact with the ribs (gg) of the elevation. 

The merits of this plan consist in not requiring the intervention of a mes- 
senger, whereby the hands required for passing the nippers, which unite 
the cable and messenger when a messenger is used, are saved; but this 
method makes it necessary that the cable locker, or compartment for the 
reception of the chain cable, should be immediately below the position 
of the capstan; an arrangement that is not always convenient in a man- 
of-war. 

The windlass used in small vessels is a capstan, with the barrel worked hori- 
zontally, the power being applied by levers, which are shipped or worked 
in holes similar to those in the capstan head. 
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PART XXIV. 


Rudder, its Action.—Efficient Angle to the Fore and Aft Line of the Vesse].— 
Round-headed Rudders, when and where first introduced.— Advantages 
arising from the Use of them.—Round-headed Rudder, from its conversion, 
subject to weakness.—References to Plate 9.—Wood-lock of the Rudder 
described.—Rudder Pendants, and their Use——Temporary Rudders in 
Her Majesty’s Navy. 


DESCRIPTION OF PLATE Q, 


And reference to the several portions of a Rudder when fitted with a round 
Head, or that the part in which the Tillar ts fixed is circular ; the Hangings 
of the Rudder being those introduced into Her Majesty's Service under @ 
Patent taken out by Capt. Lehon, of the Royal Navy. 

Tur rudder, it should first be premised, governs the movements of the 
ship—the tillar by which the rudder is moved on its hinges or pintles being 
forced in ordinary cases the opposite way to which the head of the ship is 
required to be moved ; this action of the tillar places the rudder itself across 
the line of water passing along the bottom of the ship, and the water, im- 
pinging on the rudder, forces the stern of the vessel, and consequently her 
bow, to pivot round a centre of motion. Theory has demonstrated that the 
rudder, for efficiency in turning the ship round, should never be forced over 
by the tillar beyond the angle of 42° from a fore and aft line, and experience 
or practice has confirmed this theoretical result; and it will be found that, 
in Her Majesty's service, arrangements are made (that will presently be 
pointed out) to prevent the rudder being forced over beyond that limit. 
Round-headed rudders, which with their fittings are now to be described, 
were first introduced into the ships forming the mercantile navy of the Kast 
India Company. The advantage arising from this form of rudder and mode 
of hanging it is this, that the hole through the counter or stern of the ship 
which is called the helm port, is wholly closed up by the head of the rudder 
passing through it, with almost a close joint, as the line of the centre of the 
pintles or hinges is made to pass through the centre of the rudder head, 
whereby the round head of the rudder becomes a large pintle or hinge working 
in the counter or helm port. On the old system of square rudder heads, the 
line of the centre of pintles was the half diameter of the pintle before the fore 
pide of the rudder head, and the rudder, necessarily working on the centre of 
the pintles, required that the hole through the counter of the ship for the 
reception of the head of the rudder should be made large enough to allow of 
the rudder working over with a radius equivalent to the diameter of the 
rudder head ; the large helm port which was thence formed was found to be 
the source of leakage in the ship at all times, and, in the event of the loss of 
rudder at sea, the large aperture endangered the safety of the vessel, 
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The new plan, or the use of the round-headed rudder, is not however 
without objections—as the upper pintle or hinge (without great precaution is 
used in the conversion of the main pieces of the rudder), when let on or into 
its place, cuts so far into the main piece which also forms the round head, as 
seriously to injure the strength of it; and with the long head above this 
pintle, which was in the first instance unsupported, the rudder head was 
wrung off, in some instances at or below the upper pintle. This difficulty has 
been met in practice by the upper part of the ruddcr head itself being made to 
work in a collar formed on the deck nearest to where the tillar works, the 
head of the rudder thus becoming the upper pintle, and the one on which the 
greatest strain is brought when the rudder is in action; the former pintle, 
which under such a provision is then the second, being acted on like the 
others below, serves only as an hinge on which the rudder turns. 


Scales used in the Figures. Figs. 1, 2, 4, 5,14 inch to a foot ; 
Fig. 3, 4 of an inch to a foot. 
References to Plate 9, of the Rudder. 

a, Fig. 8.—Long rudder head made round, or what is termed circular. 

ab, The whole length of the main picce, shown extending the entire length 
of the rudder ; it is usual in Jarge ships to let the main piece run down 
below the second pintle, the lower part being made good by a lengthening 
piece. The main piece is usually of oak. 

c, A piece of elm worked as shown, to give the form of the rudder on the 
fore side, and prevent the main piece (a2) from being injured by the 
letting on the pintles (d). 

e and f, Usually pieces of fir to make up the form of the rndder. 

g, The braces or gudgeons, fixed to the stern post and bottom of the ship to 
receive the pintles. The pintlesand braces are bolted and screwed through 
the arms of them, respectively to the rudder and post. 

At the lower part of the rudder, or what is termed the heel of it, a sole 
piece is worked, being a piece of plank usually 6 inches thick at the ends 
of the pieces, cb,c, and f; should the ship take the ground lightly, this 
sole piece, by acting to the rudder like the false keel to the vessel, would 
easily come off, and perhaps free the ship from danger. 

The sections of the rudder and post, marked 7 and & in the plate (fig. 1), 
show the angle or bearding taken off from the post and the rudder, to 
allow the rudder to work over each way through an angle of 42° before 
the fore side of it will come against the aft side of the main post; 
this is the preventative alluded to in a former paragraph. The other 
sections (fig. 4) are those of the pintles (@) and braces (g) upon a larger 
scale, showing at J and mam the crowns of the pintle and brace of one 
set. The intention of the crowns is to ensure the pivots or pintles 
working more truly on each other. 
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h,h, Figs. 5 and 6,—Are enlarged sections of the pin that is fixed in the pintle 
(d, fig. 8), and great care should be taken in letting on the braces to the 
bottom of the ship, and the pintles to the rudder, that they may work with 
each other as one joint: as an efficient and easy way to accomplish this end, 
it is suggested that a long rod of wood be employed of the same diameter 
as the pintle d or h, and that this rod be securcd up and down the stern 
post with its centre in the position that will be finally occupied by the 
centre of the pintles—then each brace being threadled on this rod, and let 
on to the bottom from it, will give the positions of the braces correctly, 
while a line got on the rudder for the centre of pintles, will be equally as 
effective in fixing the pintles. 

There is also fitted to the rudder what is called a woodlock, which isa 
piece of wood placed in a score, cut out of the rudder under the brace which 
receives the pintle that is immediately below the water line of the ship when 
loaded ; this woodlock is made to have its upper end bearing against the 
under side of the brace, and the lower end against the score in the rudder ; 
by which means, the rudder is prevented from rising or being unhung by 
a slight concussion. The woodlock is usually nailed in its place. There is 
also usually a bolt in the rudder placed just above water in the back of it, 
for the reception of what are termed rudder chains; which are metal links 
for a short distance shackled to the bolt alluded to, the other parts being 
made up of rope pendants, which are fastened round the stern and led to the 
quarters, where they are firmly secured to bolts driven to receive them; the 
use of the rudder pendants is, to prevent the loss of the rudder, should it be 
unshipped at sea by any casualty. 

The practice is to fit temporary rudders to Her Majesty’s ships, but a de- 
scription of them would be foreign to this work, 


PART XXYV. 


Remarks on the Application of Steam to the Propulsion of Ships; first, 
when used as a Prime Mover ; secondly, when applied as an Auxiliary to 
the Sails.— Description of Plate 11, or references to the Elevation, Plan, 
and Section of a Paddle-box of a Steam-boat.—Modes of putting the Boat 
into the Water, and taking it out.—References to Plate 12, or a descrip- 
tive Sketch of the Aperture for the Screw Propeller.—Mode of raising the 
Propeller adverted to.—Danger that would arise from a Vessel propelled 
by the Screw touching the Ground. 


Witnin the period of the last twenty years, a great revolution has taken 
place both in the armed and commercial navies of this country, and perhaps 
the more especially so in the first—the British Navy. The application of 
steam to the propulsion of ships through the water, has converted the track- 
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less regions of the ocean as it were into evanescent railroads, whereby the 
fickle and uncertain winds are disarmed of their powers of delay, by man having 
a power placed in his hands, by which he can with ease dispel the listlessness 
of the calm, or render nearly nugatory the adverse storm—when either tend 
to check the progress of the vessel. It would be far from the immediate 
province of a rudimentary work on ship building, and more particularly so 
in one treating on the practice of that art, to attempt to point out the 
rise and progress of steam as applied to the navigation of the sea; suffice 
it then to say, that although Dr. Lardner at the early stage of its appli- 
cation pronounced that it was impossible for vessels to pass the broad 
barrier of the Atlantic Ocean by the power of steam, the learned doctor 
lived long enough, to take advantage of the triumph of man’s ingenuity and 
indomitable perseverance by personally witnessing the passage to America 
made by steam vessels, as nearly certain as to the time of arrival in port 
as that of the mail coach at the inn on shore, and to hear that the world 
had been circumscribed by the same description of locomotive machines. 
The building of the hull of the steam vessel for war is accomplished by the 
same process as that which has been described for the sailing ships of the 
navy, and the fore and after parts of the one assimilate to that of the other, 
and the same requirements are necessary in the internal arrangements of 
both classes of ships for the accommodation of the officers and crew, the stowage 
of the stores and provisions, and the reception of the equipments of a vessel 
designed for warlike purposes ; but the centre portion of the vessel to be 
prope'led by steam differs essentially from that of the sailing one, and may 
fairly be said to be an addition introduced between what would otherwise, 
when united, form a sailing ship ; the engine-room, comprising the compartment 
that is required for boilers, engines, and coal bunkers, being a space that ought 
ever to be a blank in the internal capacity that may be considered due to the 
stowage of the ship’s stores and equipments; or, in other words, that the 
body of the steam ship before and abaft the engine-room, should constitute 
the perfect man-of-war in all respects of stowage, as the engine-room should 
be looked upon merely as a receptacle for the internal power of locomotion. 

Steam vessels have had two means applied to them for moving them 
through the water. The one of longest date, termed paddle-wheels, is in 
principle of action similar to that of the railroad carriages of the land—the 
paddle floats of the one acting on the resisting medium of the water, aptly 
bearing comparison with the resisting medium caused by the friction of the 
carriage wheels on the rails of the other. 

The other method of producing motion in a steam vessel is the screw pro- 
peller introduced by Mr. Smith, and it may with justice be styled a modi- 
fication of the ancient and effective practice of sculling a boat with an oar; 
a process in the hands of an adept the most successful for obtaining speed 
in her. 
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The relative capabilities of these systems is certainly not within the limits 
of the descriptions that should be given in this work: the outline of the 
propelling actions (with steam as the prime mover) in the two is all, then, 


that will here be attempted. 
Plate 11. 


Elevation, Plan, and Section of a Paddle-Box of a Steam Boat, showing the 


arrangements made by Davits for throwing into the water, or raising from 
it, the Paddle-Box Boats. 


ELEVATION. PLAN. 


Scale, % of an inch to a foot. 





The form and action of the paddle-wheel of a steam boat are so well known 
to most men of our sea-girt isle, that little is required to be written to point 
out the principle on which they act. Under this impression it only re- 
mains to give to those who have never traversed the water by the aid of 
steam, the idea of associating the action of the water or tide mill of the 
inland stream with that of the paddle-wheel of the steam boat. In the first, 
the water by flowing against the wheel gives motion to it, which again by 
machinery communicates the same to the stones that grind the corn ; while 
in the second case (the ship), the power of steam within board communicates 
rotatory motion to the paddle-wheels partly immersed in the water, causing 


a resistance to arise from the water against the floats of the whecl that pro- 
duces motion in the vessel. 


Refirerces tu the Plan, Section, and Elevation of the Paddle-Box of a Steam 
Vessel. 


a, In the elevation, denotes the extreme edge or extension of the paddle 
floats or boards, one of which boards are pointed out in the section by the 
corresponding initial letter a, where the surface of them is given. These 
floats vary in thickness, length, and breadth, according to the peculiar 
views of the maker of the engines, Observe that the surface they should 
present to the water depends on the relation that the power of the engines 
bears to the weight and form of the ship. Too large an amount of 
resistance, produced by an excess of surface in the paddle floate, would 
produce over work for the engine ; while too little surface could not fail 
to allow of the wheel revolving without forcing the vessel ahead ; in other 
words, there is a certain immersion of the float of the wheel, surface of float, 
and revolutions of paddle-wheel per minute, which will give the maximum 
velocity to the ship. 

b, In the elevation, is descriptive of the size of the end of the paddle shaft, 
which is shown on the section extending from the side of the ship to the 
spring beam (c), In these later days of steam power the spring beams (c) 
have been dispensed with, the shaft (2) revolving on a chock secured to the 
side of the ship, instead of the outer end being borne on the plummer block 
attached to the spring beam (c). The lines marked o in the section are 
representations of the radii of the wheel to which the paddle floats are 
attached, as shown at a of tlie same figure. 
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SECTION. 
Scale, of an inch to a foot. 
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c, Of elevation, the spring beam placed fore and aft or lengthways of the vessel 
on the ends of the paddle beams (d) ; the spring beam supports the plummer 
block or gudgeon, which receives the outer end of the shaft (4), and forms 
also a base for the reception of the frame work (¢) of elevation, which is 
part of the bed necessary for the paddle-box boat. 

d, Of elevation, the ends of the paddle beams through the spring beams (c). 

e, Of elevation. Truss framing, to form the paddle-boxes, the lower portion 
of which is birthed, or covered in with boards, the upper part being formed 
into gratings or lattice-work for the escape of the air. 

H 2 
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J, Of elevation, technically termed paddle walks, being an extension 
of the paddle-boxes, to receive the ends of the paddle-box boats, and the 
under parts forward and aft, marked J, to be available for washing houses, 
galley, colour or flag lockers, &c. 

h, In all three of the figs., is descriptive of the paddle-box Loat. In the 
elevation it describes the boat as being placed with the bottom of her up- 
wards, forming the top of the paddle-box. In the plan the breadth of 
the boat is seen, and the space (4) in which the paddles work ; while in the 
section 4 shows the boat slung by the davits % and 7, as being ready either 
for being lowercd into the water or hoisted on board ; the ropes or falls are 
denoted by ticked black lines. 

7, In the elevation and section, inner davit of paddle-box of iron. 

k, In plan and section the outer davit of paddle-box. In the plan, the boat 
is shown laying on it, being in place; and in the section, the boat has 
been turned over and out by the outer davit (4) having been raised by 
means of the crooked arm of the inner davit (¢). 

7, Of the elevation, stantions for man ropes temporarily fixed to the keel of 
the paddle-box boat; the man ropes forming a safety to the crew while 
passing over the boats. 

ma, Both in clevation and plan, illustrative of guard irons to prevent the boat's 
bottom from being forced by accident into the wheels. 

py, In the plan, ladders to afford facility to the crew in ascending the pnd- 
dle box boat. 

#, Of plan and elevation, points out the positions of the foreand after thwarts 
of the paddle-box boats, or the fixed seats for the rowers of them. 
Another plan for a pair of single straight davits has of late vears been adopted 

in Her Majesty's service for this evolution ; it is said to be more simple in its 

operation, which is doubtful, but the method is certainly much less expensive 


to fit. 


REFERENCES TO PLATE 1JW. 


The aperture for the propeller is cut in the run of the vessel, or in what is 
termed the after dendwood of the ship. To effect this two stern posts have 
been introduced, the fore one called the body post, or what might 
be with more propriety termed the abutment of the after deadwood, and 
the after one called the rudder post. In fact, a hole or aperture (2) is 
required for the screw or propeller to work in, and the body post, as it is 
named, makes the fore side of such aperture. The shaft (c) runs through 
the body post in a water-tight stuffing box, and the propeller is turned 
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rapidly round in the aperture (7) by means of a long shaft connected with 


the steam-engine amidships. 
a, Shows the rudder post or the foundation to which the rudder is hung. 


The other part of the plate shows a frame-work and section of an apparatus 
that is fixed for raising the propeller out of water, when the vessel is re- 
quired to make use of her sails, independently of the auxiliary power of 
steam ; there is a trunk formed above the aperture (7) up to the weather 
deck, that the propeller may, when it is requisite, be lifted out of the 
water and put on it. The apparatus usually fitted will only raise the pro- 
peller out of the water, leaving the other part, that of placing it on the 
deck, to be done hy the sailor with tackles. It is much to be doubted 
whether the use of the tackles throughout would not be the most econo- 
mical mode of effecting the operation. 


The screw propeller and its fittings have yet to be tested, under the trial 
of a Ice shore and the touch of the heel of the post on a rock—a reference 
to the plate will point out the defenceless state of the after part of the vessel 
under such a misfortune ; but such things as striking abaft have occurred to 
sailing vessels that have escaped with trifling injuries ; should the same evil 
overtake the vessel propelled by screw, it is to be feared that the loss of a 
rudder and the plank of the bottom wrenched out by the shaft of the engine, 
would render the same accident fatal to the ship and crew. 


PANT XXXVI. 


References to Sketch 13, descriptive of some of the Ordnance employed for 
Naval Purposes, and of the Fittings for their Use-—Weight of Powder in 
Shells.—Number of Shells for close Action——Table of Powder supplied 
for each rate of Ship in Her Majesty's Navy. 


THE largest guns that were used on board Her Majesty’s ships during the 
Jast war, if those in Her Majesty’s ship Glatton, which carried 68 Ib. 
shots, be excepted, did not exceed in length 9 fect 6 inches, and 56 cwt. 
in weight, carrying a shot of 6} inches in diameter, weighing 382 Ibs. 
Guns of that calibre formed the lower tier of armament of line-of-battle 
ships, or of those ships which had two or three ranges of artillery. 
In the present day the guns employed in the sea service have been in- 
creased in weight up to 100 cwt., and in length to 10 feet 6 inches, 
carrying a shot of 10 inches in diameter, and of 84 Ibs. in weight. 
These have hitherto been employed principally for pivot guns in steam 


150 RUDIMENTARY TREATISE 


vessels, but the probable effect that such guns when used in steam vessels 
would have on line-of-battle ships in a calm, has Jed to the contemplated 
introduction of these large guns on the poops of sailing ships now building ; 
doubts, however, have been entertaincd whcther the crews of the steam 
vessel or line-of-battle ship, could efficiently handle such heavy missiles as 
the shots of such guns, in even moderate weather: and both shot and guns 
would certainly be equally uncontrollable in really bad or tempestuous 
weather. 


Port of the Lower Deck, fitted to receive the common 32-pounder long Guns 
ow commun Carriages. 


Weight of gun ..... Geateou ovens Marware siyansm ead .» 56 cwt. 
Hength: OF GUN cic cssve ken cceeeas env sewercdsecas deste 9 ft. 6in. 
Weight of carriage  ......... ccc eee eee Sisveweasaeaves 9 cwt. 
Wide, or fore and aft. .....ccccccecescceuce 3 ft. 6in, 
POU NT ce fas ce mcnitas alu qaatee eeesteece, 2ft.11 in. 


Centre of metal to be from 38 ft. to 3 ft. 4in. above the deck, 
Height of lower port cill from deck, 2 ft. 4 in. 


Fig. 1 is descriptive of the front elevation of the port, with the relative 
positions of the several eye bolts and ring bolts required for the manceuvring 
and fighting of the guns. Aneyc bolt is a bolt stave of round iron cut 
off to the Jength required tu go through the side of the ship shown by fig. 2, 
und to have an eye formed in it of 24 times the diameter of the iron used to 
mike the bolt. Thus, an eye bolt of 1 inch diameter would have an eye in 
the clear of 24 inches. A ring bolt is the forming a ring in the eye of the 
bolt above described, the diameter of such being in the clear 5 times the 
size or diameter of the iron of the bolt, or, assuming an inch bolt, it would be 
5 inches. The eye bolts, when used in gunnery, are to receive the hooks of 
the tackles by which the guns are trained or pointed, or run out, and the 
ring bolts reccive the breechings of the guns, which are strong ropes led 
round the breech of the gun to overcome the recoil of it when it is 
fired. 


aa, Fig. 1.—Eye bolts in the shelf of the upper deck, called muzzle lash- 
ing bolts. The muzzle of the gun, or & of fig. 2, in bad weather, is 
placed against the shelf between them, and strong lashing passed round it, 
and through the eye bolts (a a). Bolts % inch in diameter. 

b, Eye bolts for the train tackles or pulleys, by means of which the gun is 
made to point with its muzzle (£) forward, aft, oramidships. These tackles 
are ulso used to run the gun out after it has been loaded. Bolts ¥ inch 
in diameter. 


Fig. 1.—Lower Deck Port. 


Fig. 3.—Quarter Deck and Forecastle Carronade Port. 
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Sketch 138. 
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Eye bolts placed between the 
ports for extreme training of the 
muzzle of the gun as far forward 
or aft as the side will admit. 


dd, Breeching and _ preventer 


breeching bolts; the first from 
the side of the port receives the 
brecching or rope security (g, fig. 
2), used torestrain the recoil of tle 
gun; the other is called a pre- 
venter bolt, being intended as a 
resource in the event of the 
breeching bolt being disabled. 
Tron for bolts from 1} inch to 
2 inch in diameter. 


Fig. 2.—Section of the side of the 


k, 


ship, showing the thickness of 
timber and plank, also deck and 
beam. The gun and carriage 
are also shown scctionally. 
Chamber of the gun, or receptacle 
for the powder. 

Trunnion or axle of gun. The 
upper side of 7, or trunnion, is 
usually in the line of the centre 
of metal orcentre line of the gun. 
Brecching, made of the best 
white rope, secured to the ship's 
side through the bolts (2, d) of 
fig. 1, and passing through the 
breeching ring (y) of fig. 2. 
Carriage of wood, weighing 9ewt. 
Wooden wheels to facilitate the 
movements of the guns; they are 
called trucks, and distinguished 
by being called fore and hinder 
trucks. 

Muzzle of the gun, or the por- 
tion of the gun at which the 
aperture is made, which receives 
the powder and shot. These 
guns, of 82-pounders calibre, 
have now a portion of the 80 
rounds of shot formerly supplied 
for each gun made up of filled 
shells of the same diameter as 
the shot, viz., 64 inches. 
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Sketch 13. 
Fiq. 2.—Section of the Port and Gun. 





Se BEAM 


Shells filled with Powder. 
Viz., For two 32-pounder guns (fig. 2), of 56 cwt. in each frigate, 40 in 
number: not any shells allowed for 25 ewt. 32-pounder carronades. 


Quantity of Powder required for filling Naval Shells. 


Shells, 10 inches in diameter. . 5 8 


” 8 Pr 33 ° é. 2) 4 
» 6 pounders . . . » LZ 
” 32 9 ° . 1 0 


Shells additional for close action. 
Rate of Ship. 


Ist. ‘ 

2nd. ; ‘ 

ord. : . G-inch shells for 32-pounder 
4th . ; ; guns, 

5th . ; 

6th , . 


Shot supplied for each 32-pounder Gun of 56 cwt. 


For the guns to which shells are supplied, 40 round shot to each gun. 
For each of the other guns of the same calibre, 80 No. 
Sloops armed with 24-pounders, 70 to each gun. 


“iy. 3..—The front elevation of a quarter deck or furecastle port for the use 
of a short gun, called a carronade—the name given to them from this 
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Fig. 4.—Section of the Port and Carronade. 





species of guns having been suggested at and cast by the iron foundry at 
Carron. Length of gun, 5 feet 6 inches; weight of gun, 25 cwt. ; weight 
of carriage and slide, 5cwt.; height of cill from deck, 1 foot 10 inches, 

a, Train tackle cye bolts. 

bb, Breeching bolts as described for the long guns. 

c, Eye bolts for extreme training of the guns, % inch in diameter, 

Fig. 4.—Hlevation of the side of the ship and gun on the carriage. Weight 
of the carronade, 25 cwt. 

d, Trunnion of the carronade or axle of motion for depression or elevation. 

e, Breeching or rope to restrain the recoil. 

Jf, Carriage of the carronade designed by the late Sir Thos. Hardy, being a 
carriage for the gun, with an inner leg (¢), travelling over a slide (£) 
which slide is pivoted to the plate (/), securcly bolted to the side of the 
ship ; the carriage (/) isso constructed as to admit of its being squeezed or 
compressed down on the slide (4), which produces a friction that takes 
off part of the recoil of the carronade from the breeching (e). 

g, Muzzle of the carronade to receive the powder and shot. 

a, Inner wood chock to slide (4), to keep it the required height rom the deck, 

o, Outer wood chcck to slide, for the same purpose. 


Rounds supplied of filled Curtridges for each Carronade of 25 ewt. 


Full. Reduced. 

50 No. 80 No. 
Charges of powder. . 4 lbs. 0 oz. 2 Ibs. 8 oz. 
No. in each powder case 25 40 
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TABLE OF THE PowDER SUPPLIED TO THE SEVERAL RATES oF 
Her Masesty’s Navy. 


-- we ee. 


Number of Metal-Lined Cases. 
-—--— ——-- -—- .---- — {11 distant range in a 


Ship. | Gross weight |, .“\5& 
Whole | lait | Quarter of Powder 16 full cartridges in a 


Pease | : 20 reduced cartridges 
| Guns. | in a case for 32- 


Rate of the 
































| tons cwt. 

lst rate of ed 686 40 | 38 3306 (OO pounders. 
Ist ,, 100; 617 , 43 , 8 ; 82 0 [Guns of 56 cwt. 
2nd_ sa, 92 558 42 | 2 ,; 29 0 jRounds supplied per 
2nd yy 80, 475 | 38 2; 25 0 gun of filled cart- 
ard, «= 72, B61 | BB |B} 19 OO | ridges. 
4th ,, 50) 312 | 24 3 1 16 O [Distant, Full,Reduced, 
5th ,, 42, 173 _ 20 1 10 320 No. No. No. 
5th ,, 36, 215 + 19 0 li O 1, 20 20 40 
6th 26,115 : 14 2 6 0 (6, 
Sloop of 18) 54 | 12 | 2 | 3 0 ‘$8.8 (Ibs, Ibs. Ibs. 
Brigantine 3, 15 | 9 | 2 1 0 !82(10 8 6 

| | ! Ss os 


| 
| 





PART XXVI1. 


Midship Section as linearly described in Plate 2.—References to the several 
Portions of it, as pointing out the relative Positions, by Sections, of the 
Timbers.—Planking, inside and out.—Beams and Decks.—Method em- 
ployed if required to take off Ship when built.—References to Plate 4, 
as descriptive of the Methods which have been adopted in putting Beams 
together when they are composed of more than one piece.—References to 
a Sketch of the Deadwood of a large Frigate.—Method of making Floors 
in the rising Portion of the Ship’s Frame.—Expansion of a common Frame 
of Timbers, and one composed of long and short-armed Floors, 


THE delineated midship section of the draughtsman is a linear drawing, de- 
scriptive of the shape of the vessel both externally and internally, at the 
centre athwartship section of her; and on it is shown the view that would be 
presented to the eye of an observer, were a ship when built cut into two 
portions at the middle of her length. In the ship under such a division, 
the form of the timbers of the frame would be wholly and fully developed, 
or at least the moulded or shaped surfaces of them; but the sectional 
areas, or breadth and thickness, of each of the several strakes of plank, com- 
posing what are termed wales, diminishing plank, &., would only be observable. 
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It is true, however, that these would each be seen at their relative heights 
from the keel of the vessel, and at their relative breadths from the middle 

ne of her; and thence on the draughtsman’s paper will be found, on scale, a 
miniature picture of that portion of the vessel, and the relative heights and 
breadths of the several sections of the ship's wales, diminishing planks, &c., 
be depicted on it with great accuracy. 

On this plate is also given the disposition, or shift of butts, or ends of the 
timbers composing the frames, in the midship part of the ship—being a longi- 
tudinal view of the internal arrangements amidships of the frame or ribs of her. 
This view is a projection of the form of the vessel as to height, but descriptive 
of the length of that portion of her to a scale of measurement. This will be 
better understood by tracing the } floor head of the section marked rn, to the 
3 floor head of the disposition of the frame. In the section the whole length 
and form of surface of the 3 floor is shown; while, in the disposition, the 
same extent of timber is represented by the projected height of the floor head 
above the lower edge of the rabbet of the kecl of the ship: the same will be 
correct for the relative positions in height of cvcry other point in these pictures 
of part of a naval construction, 


References to the Midship Section, Plate 2. 


A, The thickness of the several decks or platforms: vide Scheme of 
Scantlings. 

In small vessels the decks are named as follows :—-Upper deck, lower deck, 
platforms. In a ship carrying 74 guns, or one of two decks, where the 
guns range fore and aft the vesscl—poop, quarter-deck, waist and fore- 
castle, main deck, lower deck, orlop, platforms. 

B, The beams placed across the ship to receive the platforms or decks. 

c, Waterways to receive the decks and secure down the ends of the 
beams (B). 

D, Shelf pieces at the several decks (A), to receive the ends of the beams 
(s), and form part of the security of the beams to the side of the ship. 

E, Iron knees, to further connect the beam (8) to the sides of the ship, and 
thereby to unite the two sides of her firmly together. These knees, under 
this view of the carpentry of a ship, may be considered as an increase in 
the breadth of the shelf (p), the required size of iron being much less 
cumbersome than the wood of equal strength would be; the dotted lines 
through the side, and up and down to each of the knees E, are descriptive 
of the position of the bolts in the knees which form their security to the 
beam and side of the ship. 

r, Thick strakes of planks worked over the heads of the floor timbers and 
the heads of the Ist futtocks, to prevent the heads and heels of these tim- 
bers of the frame from being forced in. They ure bolted or united to the 
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timbers and outside planking by the thorough fastening of the bottom 
plank. 

c, Limber strakes, to form a gutter leading to the pump well on each side 
of the keelson (#8), that the water from leakage may, by draining down 
to it, pass freely through it to the pumps, which are placed in the imme- 
diate vicinity of the main mast. 

The limber boards are shown by this section with one end on the keelson (B) 
and the other on the limber strake (a) ; these boards form a covering to the 
limbers, to keep them from being choked with dirt. Sometimes the 
limbers are covered by iron castings forming part of the ballast required 
in the ship. 

H, Keelson, or internal keel, to confine, in conjunction with the keel (x), the 
floors of the frame of the ship in their places; the keelson bolts which 
pass through keclson, floor, and keel, are in a Ist-rate, or 120-gun ship, 

4 inch in diameter. 

1, Fillings between the timbers of the frame, being less than the moulding 
of the timbers by the distance the dotted line is below the full line of the 
section of the timbers, forming a watercourse to the Jimbers. 

K, Section of the keel showing the rabbet for the reception of the plank of 
the bottom. 

u, Section of the false keel used to give depth of immersion to the vessel, and 
which, by its being slightly secured to the main keel, admits of being easily 
removed by a blow should the ship strike the ground. 

m, The rough tree rail forming the upper boundary of the timbers of the 
frame, as well as of the exterior and interior planking. 

wn, Wales or thickest planking used exteriorly. 

0, Iron riders, shown in the disposition of the frame. The thickness and 
breadth of them used in the several] rates of ships are given in the scheme 
of scantlings ; they are somctimes let into the timbers of the frame their 
whole thickness, at othcr times half the thickness; and the system has 
been adopted by some practical builders of bringing them to the timbers 
without letting them in at all. The question hinges on this: Which is the 
best for the strength of the ship—to score into the timbers only ; to score or 
notch into the timbers and internal planking equally; or to take the whole 
scoring out of the internal planking? 

yr, The bearers of the boilers of a steam vessel placed on this section from 
want of space in this small work. They are worked the length of the 
engine-room and 10 feet beyond at each end; they receive the boilers or 
large kettles and the engines, and, form to the steam vessel the sister 
keelsons of sailing ships. 

7, Of the disposition, shows the openings between the timbers of the frame 

. marked by the shaded lines. These openings, as before remarked, should 
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be equalized all the way up the frame to the highest point at the rough 
trec rail (m); the dotted lines show the height of decks. 

The sections of the thickness and breadth of each portion of the wales, 
diminishing plank, and plank of the bottom, are shown by the shading lines 
in the section. 


A SHORT STATEMENT DESCRIPTIVE OF THE METHOD USED IN 
TAKING THE FORM OF A SHIP, WHEN BUILT. 


The circumstance of many ships during the last war being captured from 
the enemy, of whose form no draught or drawing was in the possession of 
the captors, and their good sailing qualities being such as to make them a de- 
sirable guide for English naval construction, it was the practice to have such 
vessels placed in a dry dock (Plate to Dock), and their forms taken off by 
a draughtattian, and a drawing upon the usual scale made of them. The 
outline of the method pursued is shown, attached to the midship section of 
Plate 2; and, as the process for one section would nearly carry the novice 
through the whole opcration, the description of the one section being taken 
must suffice. 

A base board (Q), or board having the numeral feet marked on it, is placed 
against the side of the keel (4), this base board, Q of the figure, being set 
by a spirit-level to the horizon, and square to the keel by a large square, 
placed with one of its arms against the side of the keel, and the base board 
Q, being kept to the other. Another board (x Q) is then fixed perpendicularly 
to this, as shown in the section, having also the graduated scale of feet 
marked on it. The distances at every 2 feet from these standards of mea- 
surement are then taken on the plumb or perpendicular, and the level or 
horizontal (as shown on the figure by the dotted lines) to where they meet 
the body of the ship or the wales, diminishing plank, bottom, &c. ; these 
tfistances are registered in fect and inches, and set off on paper to the scale 
chosen for the drawing, when the form of the section cannot fail to be 
accurately depicted. 

The perpendiculars, marked P in the section, form the boundary lines of 
the greatest transverse section or midship section, and thence inclose 
all other sections taken under the same system. It is a tedious operation, 
but it was thought necessary at one period to do it for every new vessel 
in Her Majesty’s service, after being coppered, that her form might be the 
more accurately obtained for asccrtaining her light displacement or weight 
of hull; but surely the drawing by which the vessel was built could not, 
in the government service, be so much deviated from in building, as to make 
this operation necessary for detecting what would be, at the utmost, the im- 
mersion of one inch, and thence the custom has fallen into disuse, as a form 
of office to be more honoured in the breach than in the observance. 
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REFERENCES TO PLATE 4 OF BEAMS. 


The beams should, where practicable, be in one length, to avoid the expense 
of workmanship, and to insure strength. In large ships they cannot be 
obtained in one, and hence necessity suggested the arrangements described in 
the plate. 

Fig. 1.—The beam as usually put together, when the store of timber will 
allow of its being provided in two pieces; it is then technically termed a 
two-piece beam. The dowels employed to connect the scarph are marked 
thus (0), the bolts (-); and of the two views shown of the beam, the 
upper one is a side one, or moulded, and the lower the sided, and shows 
the scarph or overlap of the two pieces, as sccn on the upper part of the 
beam ; the scarph is usually 4rd the whole length of the beam. 

Fig. 2.—In large ships, to obtain the beams, recourse is had to forming the 
beams of three pieces, of which fig. 2 is a descriptive drawing. The bolts 
and dowels are shown as described for fig. 1, and the scarph is usually 
4th the length of the beam. 

Fig. 3.—Descriptive of the moulded and sided views of a beam on the plan 
suggested by Mr. William Edye, Master Shipwright of Devonport Yard ; 
it is a modification of the key scarph of the joiner of very ancient date. 
The iron keys, which are shown in the sided way by the square DD, are 
tapered to form wedges. The lips of the scarphs, or the extreme ends 
of each overlapping part, are shown wrong in the figure ; they should have 
been drawn square to the moulded edge of the beam. This beam 1s 
secured in its scarph by bolts marked (‘), and the tree nails marked x. 
The scarphs of Mr. Edye’s beams run in lengths from 8 feet to 8 feet 
6 inches in the beams of a line-of-battle ship. 

Fig. 4.—A modification of Mr. Edye’s beam, having only one key to it. 
This method of scarphing was introduced by the Committee of References 
instituted by the Admiralty in 1846. 

vig. 5.—A beam suggested by Mr. Lang; it is bolted and coaked in a 
similar manner to that described for fig. 1: the lip being let in witha 
dovetail 7 is the characteristic of this plan. 


References to the Sketch of a Shaft of Deadwood for the After Body 
of alarge Frigate. 


Fig. 1 Is adrawing made by the draughtsman, to show the relative 
positions of the masts of the ship, the scarphs of the keel, those of the 
keelson, and the distance to which the floors or lower timbers that cross 
the keel are extended (see description of Cant Bodies) from the midship 
part of the vessel each way. 
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a, Scarphs of the keel; the number of the scarphs, or the lengths of the 
several pieces the keel is composed of, being determined by the store of 
timber. 

b, Scarphs of the keelson, which should come between those of the keel 
and have two bolts passing through them (vide description of the Keelson). 

c, After square floor, abaft which the lower timbers of the frame, or those 
called the double and lower futtocks of the cant body, take their hceeling 
or abutment against the deadwood (d) ; some practical builders employ 
cant floors, but the difficulty which is found in obtaining the after square 
floors, will deter the economical shipwright from attempting a combination 
that yields but little probable advantage, at great and positive expense. 

d, Deadwood, to form the fine after-portion of the ship’s body, and serve 
as a foundation to fix the heels of the after timbers of the frame against. It 
should never be converted from over-grown timber, which would be 
liable to early decay, from the difficulty in removing it for repair. 

he, Is descriptive of the overlap of the after piece of keclson (5) over the dead- 
wood (d), by which means, when the keelson bolts are driven, which pass 
through keelson, deadwood, and keel, the after deadwood is connected 
thereby with the floors of the ship, and the joint at c, or where 
the deadwood comes against the aft side of the floor (r), is succoured. 

e, Inncr post of the ship into which the after ends of the deadwood (c) 
are tenoned. 

J, Main post of the ship. 

g, Stations of the sheer drawing of the ship, or the room and space for the 
timbers in her. 

z, Sternson, or a knee to connect the after end of the deadwood (d) with 
the inner (¢) and main posts (d) of the ship, large bolts being driven 
through them in a fore and aft direction. 

Fig. 2.—A section on an enlarged scale descriptive of the method adopted 
when the V like form of the ship foreward and aft causes the floor timbers 
which cross the keel not easily to be obtained. 

J, Shows the short chock crossing the keel with scarphs to receive the heels 
of the Ist futtocks, as depicted by the dotted lines of the fig.; the 
dowels are also delineated that connect the chock to the half floor of the 
frame. The loose tie which is shown by this method, but which 
necessity renders imperative when the floors are carried aft or forward 
beyond a certain limit, will illustrate what was adverted to in the de- 
scription of fig. 1 of this woodcut. 

a, Lower false keel. 

b, Upper false keel. 

c, Main keel. 

a, Rising wood, to form the body and receive the scoring of the floor; the 
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conversion of the floors is rendered easier if the throating of them is di- 
minished by increasing the rising wood (d). 

e, Thick garboard strakes rabbeted over each other to make the seam for 
caulking (a 7) the same as the thickness of the bottom plank. 

J, Floor or chock. 

g, Walf floor butting at the middle line of the ship. 

h, Keelson or inner keel of the ship, forming with the keel (¢) the fore and 
aft connection of the floors (/). 

k, Limber boards. 

tl, Limber strakes. 

o, Limber or passage for the watcr to the pumps. 

Fig. 3.—An expansion of two consecutive frames of the ship, when the 
commou system of floor and Ist futtocks meeting at the middle line of the 
ship is conjoined with an alternate frame composed of long and short 
armed timbers crossing the keel, or where on one side, the timber crosses 
the keel to the floor sirmark marked F 8, and the other end of the same tim- 
bers lengthens to the first sirmark of the common frame marked F 8, or 
the heads and hecls of each alternate frame of the ship are by this 
arrangement brought in a line with the sirmarks of the common shift of 
timber, which makes three timbers between each head and heel or joint, 
but a very short shift or scarph. The plan has been pointed out under the 
head of Framing the Ship. 


PART XXAVITI. 


Description of the Mcthod employed to remove Slack Ropes in the Tillar of 
Her Majesty’s Ship North Star.—References to the Elevation and Plan of 
the Sketch, describing the Method of reaving and fixing the Tillar Ropes. — 
Eye Bolts for relieving Tackles; where placed. 


REFERENCES TO THE ELEVATION OF THE SKETCH. 


A, Section of the head of the rudder with the tillar inserted in it. 

B, Tillar of wood. Formerly all tillars were made of wood, and they were 
of greater length than now. 

c, Steering wheel, composed of a barrel and spokes inserted into the ends of 
it, the outer ends of such spokes forming handles for the man stationed 
at the helm to take hold of in steering the ship. 

D, Wheel stanchions or supporters of the axles on which the wheel (c) 
travels. 

x, Extreme end of the spoke of the wheel (c), being the place where the 
helmsman places his hands to steer. 
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Sketch of the Steering Wheel of Her Majesty's Ship, North Star. 
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¥, Tillar ropes wound round the barrel of the stecring wheel (c). The 
wheel thence becomes the mechanical power denominated the wheel and 
axle, the spokes of it being the wheel of that power, and the barrel of it 
the axle. 

The diameter of the barrel of the steering wheel is determined by the 
length of tillar rope which is required to be taken up in forcing the tillar 
over to the greatest angle, or in nautical terms putting the helm hard down, 
which angle for cfficiency is considered in the Quecn’s service to be that 
of 42 degrees, from the fore and aft line of the vessel, out of the quadrant or 
90 degrees. This is required on cach side of the midship position of the 
tillar, and thence the quantity of tillar rope on the barrel of the steering 
wheel, when the helm or tillar is amidships, must be double that quantity, 
as half of it has to be unwound from it at either end, and added at the other 
according as the helm is put starboard or port, to the right hand or the left, 
so that the same number of turns of tillar rope are always on the barre 
of the whecl; and when the helm is hard down either way, the whole 
number of turns are before or abaft the centre of the rope wound on the 
barrel in the midship position of the tillar. The number of turns of rope 
on the barrel of the stecring wheels of the ships of the navy is five or 
seven ; the odd number being requisite, that the centre of the tillar rope 
wound on the barrel of the wheel, when the helm is amidships, may be 
on the upper surface of the barrel, to which it is firmly secured, to prevent 
the tillar rope slipping round it. 

G, Position of a block in the deck of the vessel, confining the tillar rope (¥) 
on each side of the barrel cf the stecring wheel, : 


REFERENOES TO THE PLAN OF THE SKETCH. 


A, Rudder head. 

AB, Length of tillar. 

c, Barrel of steering wheel. 

DD, Sections of the stantions of the wheel of elevation. 

G, Position of blocks in the deck, to confine the tillar rope (¥) to the diameter of 
the barrel of the steering wheel. 

¥, Tillar ropes wound round the barrel of the wheel as shown on the eleva- 
tion. The ends, after being so wound, are led first through the block (@) ; 
from thence through the block (1) at the side to a block (#) on either 
side of the end of the tillar (4 B); from whence the end is led to the eye 
bolt (%), where it is drawn taut in and secured. The positions of the 
eye bolt (4) and block (1) to prevent slack rope, were determined on 
each side by the following process:—the tillar (aB of the plan) was 
put through an angle of 42 degrees each side of the fore and aft 
position shown on the sketch, and the portion of the circle thence 
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described by the end (s) of the tillar was marked on the deck ; the tillar 
was then restored to the fore and aft position as in the sketch, and ird of 
the length of it, as denoted by the dotted line, was set off from the 
fore end of the tillar, and squared across the ship, giving the points 
marked & in the plan for the standing part or end of the tillar ropes, 
and jth of aB was set before the end (n) of the tillar, and squared 
across the deck to mect the sides of the ship in the opposite points (1), 
to which blocks were fixed ; and on the tillar rope being rove through 
these, in the manner before described, it was found that the tillar rope 
(F) was at equal stretch in every position of the tillar. When great 
accuracy is required, the points £ and 1 should be relatively placed so 
that 3x in athwartship breadth may exceed £ by 3th of &; or that 
the distance 11 is §th times that of 4%. 

L, Eye bolts placed on the tillar to receive the hooks of purchases or tackles 
called relieving tackles, by which the vessel is steered in the event of a 
casualty occuring to the tillar. 

The tillar ropes of the navy are made of twisted hide, 


PART XXIX. 


References to the Sketches of the Head and Stern of a Frigate.—Outline of 
the Terms used to distinguish the several Portions of them. 


THE sketch is descriptive of the component parts, or of the external fittings 
which form the head of a frigate. They are considered essential to the ship, 
either as forming a portion of the required arrangements for the efficiency of 
the movements of her, or to be necessary to complete the outward appearance 
of the ship. The finish given to the extremities of the ship, or to the head 
and stern (being an appeal to the taste and judgment of the observer 
through the medium of the eye), the naval architect should, in a great degree, 
regulate by that organ, as the best means of producing the desired effect— 
that of giving a light and graceful appearance to that part of the hull of the 
ship which is above the seat of water or line of immersion at which the vessel 
swims. 
REFERENCES TO THE SKEton oF THE HeEapD. 
vg. 1. 

A, Berthing rail, forming the safety or guard to the men when they are out in 

the head, the flat or platform of which is on a level with the main rail (s). 
B, Main rail, to fashion out the head, and to afford an inclosed space for 

accommodation to the crew. 
c, Middle or smal] rail, introduced for the exterior appearance of the ship. 
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Sketch of the Head of a Frigate 
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The after part of this fitting, with a portion of it 6 or 8 feet on the knee of 
the head, is called the upper cheek, and forms, by being bolted to the bows 
of the ship and to the knee of the head, a species of wooden knee to support 
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the latter. The after arm of this knee is shown in projection in the figure 
or picture of the bow of the ship; but on the knee of the head it 
describes the form and length of it. The moulding or breadth is usually at 
the throat of it, 2} times the depth of the cheek. The fore part of p is called 
an ‘‘eking,” the extreme end of it, shown by a scroll on the figure, being 
termed a “hair bracket;” and this hair-bracket should, for symmetry of 
appearance, be placed rather below the shoulder of the figure-head. 

F, Lower cheek, a wooden knee, as described for the upper check, and bolted 
also to the bows of the ship and knee of the head. The bolts in the knee 
of the head arms of these cheeks pass through similar knees on the reverse 
side of the knee of the head. 

F, Bolsters of wood placed between the arms of the checks (p and £) that 
come against the bows of the ship. These bolsters are worked to form 
heds for the iron hawse pipes (1), which are put through the sides of the 
ship to form holes for the cables to run out of. The bolsters should slightly 
project over the moulding way or breadth of the cheeks, to form a pro- 
tection to them. They are bolted to the side of the ship independently 
of the bolts which secure the hawse pipes (1). Immediately for- 
ward of the bolsters, a piece of wood termed a corner chock is 
usually worked, the intention of it being that the fore ends of the planks, 
called wood ends, may, by the removal of it, be caulked without disturbing 
or taking out the hawse pipes, or taking down the bolsters, an operation 
attended with expense and loss of time. 

The fillings between the cheeks on the knee of the head are of fir, and are 
intended solely for the better appearance of the ship, under which view of 
their utility they have been in many instances dispensed with. 

a, Timbers of the head, to support the middle and main rails. For a light 
and airy appearance, the after one is placed to the rake or inclination of the 
stem; the next with 13 inches more rake; and the foremost one with 1} 
inches more rake than that, or with 3 inches more rake to it than the one 
at the stem. 

There is a thin birthing of board placed between a and B; and over A what 
is termed a wash board is sometimes used, while this is much oftener sup- 
plied by an iron rod, termed an iron horse, to which painted canvas is 
affixed. 

H, Cathead, to raise the anchor from the water’s edge. 

K, Supporter or knee to H, bolted firmly to the side of the ship and to the 
cathead. The usc of it is expressed by the name given to it, that of a 
support to the cathead. 

iu, Anchor hanging to the cathead, or wine the sailors termed cock-billed. 

wn, Anchor stowed on the bill board. 

Angular pieces of fir, called wash boards, are placed under the lower cheeks 
and ekings, 
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Fig. 2 (Anchor in parts). 
a, Shackle to which the cable is united. 
v, Shank of the anchor. 
c, Crown of the anchor. 
d, Palm of the anchor. 
e, Pea of the anchor. 


SKETCH OF THE STERN OF A FRIGATE. 


The taste of the practical man will be tested in the fittings of the stern of 
the ship, in the same ratio as for those employed for the embellishment of the 
head of her, with this additional difficulty to overcome in the former—that 
of having to please the eye under the changes in point of view, which take 
place while the sight is carrying round curves from the sloping or raking sur- 
face presented by the right aft stern, to the perpendicular plane forming the 
fore and aft plane or topsides of the ship. 


REFERENCES TO THE Fiavcrk, p. 168. 

A, Taffrail. 

rn, Boundary rail, or mou:ding to furm part of the decoration to the stern. 

c, Cove rail. 

p, Heading to lights or windows, marked F. 

F, Windows framed as in the houses on shore, having cills to them termed 
water tables. They are hung in sashes, upper and lower, with weights, 
and the shutters fitted to them are called dead-lights, a name that has con- 
jured up the fears of many a landsman. 

ui, Upper counter rail. These are brought on against the timbers of the 

Gc, Lower counter rail. frame, and form plank and projecting moulding. 

E, Quarter pieces, allowing accommodation to the captain outside the ship. 

K, Lower finishing, wholly for appearance. 

L, The plank of the bottom, or buttock plank, housed under the lower counter 
rail (a). This plank should be worked without the use of an edge set to 
prevent its being crippled. 

mM, Life buoy, fitted over the stern. 


N, Munion, to fashion out the window and incloge the grooves for the sash- 
weights. 
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PART XXX. 


A short Description of the Process used to make the Seams of the Planks of 
a Vessel impervious to Water.—Terms of some of the Tools used for that 
purpose.+—Scale of the Width of Seams according to Thickness.—Seams 
of Decks sometimes payed with Jeffery’s Marine Glue.—Copper Sheathing 
employed on the immersed Portions of the Ships of the Navy formerly 
payed with Pitch and Tar.— Weight of Copper Sheathing to each super- 
ficial Foot.—Concluding Remarks, 


Tur joints of the external planking, or what are mechanically 
termed the seams of the planks, require to be made imper- 
vious to the water, that the ship may swim, which is effected by 
forcing into them, by means of sharp iron wedges called caulk- 
ing irons, spun threads or layers of oakum, formed by taking 
to pieces, in the Queen’s service, the unserviceable ropes and 
cables, after such have been cut up into short lengths, termed 
“junk.” The seams of the planking, when they are under the 
standard width for the several thicknesses of it, are opened 
to that required, by sharp and large iron wedges called 
reeming irons being driven into them by a heavy mallet, 
which in the trade is styled a beetle; and in this operation 
the skill of the caulker is drawn out, and the work of the 
shipwright tried. The opening of the seams by such a pow- 
erful set, or mechanical force, as that formed by a range of 
wedges of such acute or small angles being acted upon by the 
impetus given to them, from the smart and forcible blow of 
the heavy mallet or beetle, must close the seams above and 
below the one that is wished to be increased, and thence 
bring a strain on the fastenings of both planks: the 
caulker should therefore be careful to first caulk those seams 
which are under the standard width, and which are situated 
above or below seams that may be over the same width; and 
the shipwright should be in attendance, that, should the 
planking be forced off from the bottom by the operation of 
reeming—which it will be, especially where the seams or 
joints do not stand square to the timbers—he may put in 
additional fastenings before the caulking is finally proceeded 
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with. The stipulated number of threads of oakum having 
been forced into the seams by the mallet and iron of the 
caulker, the whole is the more firmly bedded and united, 
and buried within the edges of the planks by the work being 
what the trade call ‘“‘horsed up,” an operation that requires 
two caulkers, the one holding by means of a handle the 
meeking or making iron to the seam which has been caulked, 
while the other drives on it with the full swing or blow of 
the beetle. After this process, melted pitch is payed by 
the means of small mops over the thus forced-up oakum ; 
and finally, as high up the bottom of the ship as the copper 
sheathing will come, a thread of spun yarn is laid in to 
make the seam flush or level with the planking, that the 
copper sheathing hereafter to be described may be laid 
smoother on it. The bottom of the vessel is also payed up 
or covered over by the caulker as high as where the copper 
sheathing is placed, with a mixture of pitch and tar. ‘The 
decks of a ship are caulked in a similar manner with oakum ; 
but the weather decks are payed with Jeffery’s marine glue 
instead of pitch. 


Scale of the Width of Seam according to the Thickness of Wales, Bottom 
Plank, and Decks, with the Standard Number of Threads ef Oakum to 
be placed in each. 

A scale for the width of the seam, according to the thick. 
ness of the plank, is formed practically by opening a 2-foot 
rule to the angle produced by gths of an inch at the extreme 
inner edges of the J2-inch arms of it, 


Number of Threads of Oukum to be worked into the Seams of the Wales, 
Diminishing Plank and Bottom. 


Thickness. No. of threads, 

2inches . Z ‘é , ; ‘. 2 

i ; 4 

4 ; ‘ 5 

5 ‘ < é 6 

6 7 

7 9 

8 ‘ é - 10 

9 11 
10 13 
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Decks. 
Thickness. No. of threads. 
Qinches. é F Z E ‘ 2 small. 
Ss P ; F ‘ ; : gs 
4 ,, P , : ‘ ‘ ‘ os 


The caulking always tends to stiffen the fabric of a ship, 
and it has thence been sometimes the practice not to caulk 
the iuternal planking until the ship has had several years’ 
service at sea, when the caulking of it has been supposed to 
be the means of adding strength to the racked or strained 
fastenings of her. 


COPPER SHEATHING ON THE BOTTOM OF SHIPS. 


Up to the latter end of the last century it was the practice, 
in the navy of this country, that the immersed portions of the 
ships should be, as most of the ships of the mercantile navy 
_are to this day, alone covered with a thick coating of pitch 
and tar. The quick trowth of marine vegetable matter on 
the bottoms of Her Majesty’s ships, which impeded their way 
through the water, when thus protected but partially from the 
destructive ravages of the sea-worm, added to the expense 
and delay which arose from the necessity of frequently having 
to dock the ships to bream them, or place lighted reeds under 
the bottoms of them, when in dock, to remove such vegetation ; 
and that when on foreign stations, where this practice could 
not be followed up, and the sailing of the vessels was, from 
the foulness of the external planking under water, in some 
measure lost, led to the introduction of a thin coating of copper, 
called copper sheathing, being placed over the whole intended 
immersed portion of the bottom; and to the extent of 18 inches 
above that line of immersion. This coating is formed of sheets 
of copper in lengths of 4 feet and 14 inches breadth, the lower 
edges of the upper sheets lapping over the upper edges of 
those below them, and the after end of each sheet lapping 
over the fore end of the one immediately following it: the 
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thicknesses of the several descriptions of copper sheathing 
used in Her Majesty's navy are such as to make each superficial 
foot in extent of the several respective weights of 32 oz., 
28 oz., 18 oz., and 16 oz, and under these denominations 
they are known in the trade. The 320z. copper sheathing, 
which is the thickest, is used all round the ship at the height 
of the load-water line for four struakes or sheets down, and 
on the fore part of her, on the bows down to the keel. The 
practice is to have, of the whole number of sheets of copper 
sheathing required to cover the surface of the bottom of the 
ship, 4rd of 320z. and the remaining 3rds of 28 oz., expend- 
ing the residue of the 32 0z. copper sheathing, after working 
four strakes all round her, on the bows of the ship. The 
18 and 16 oz. sheathing copper is usually placed between the 
main and false keels, to protect the former from the worm 
should the latter be forced off. 

A species of metal, or a combination of metals, denominated 
Muntz’s metal, has been of late generally used in the mer- 
cantile navy, and has been partially employed in the British 
navy, as being inexpensive when compared with copper 
sheathing. 


No. of Sheets, dc., from a 120-Gun Ship to a 10-Gun Brig. 


Guns. Sheets, of 4 ft. by 14 ins. 
120 ‘ ‘ ; ; ‘ : ‘ P 4444 

8! : “ ¥ $ ; ‘ . 5 3400 

60 ‘ ‘ r é é ‘ : ‘ 2250 

46 : : BA he : : ‘ ' 1870 

2S. &. cao ‘eo “et wh fe: “eae 940 

20s. 4° ‘ mk : ‘ x : 638 


The combination of the several parts, and the arrangement 
of the respective portions, of the vast structure which con- 
stitutes the man-of-war or ship for national defence having 
been detailed, it becomes necessary, under the prescribed 
limits of a rudimentary treatise, to bring to a close the brief 
remarks that have been made on that important subject—the 
practical carpentry of ships, as forming either the National 
Bulwarks of this country, or those on which, considered 
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as a nation of merchants, the Commerce, and thence the 
riches, of England depend—the mercantile navy of England. 
In the practice of ship building a wide field is opened for 
discussion, as the several systems that have from time to time 
been adopted admit freely of controversy. 

In many instances the same end is to be obtained by 
either of two methods, and thence advocating their relative 
or respective merits could be productive of no _ positive 
good. Under such impressions, the plans proposed for the 
same purpose have, in this small work, been only described, 
leaving those who read such descriptions to draw their own 
conclusions as to their advantages or disadvantages in prac- 
tice. With the hope that the practical hints which may here 
be found, and which have been compiled during the leisure 
hours of a professional course of duties, may be considered 
useful to the novice in ship building, as forming the lower 
step of a ladder towards his attaining a knowledge of practical 
ship building, when followed by him as a trade, and also be 
acceptable to the general reader, as a source of amusement 
and recreation from more abstruse reading, this Rudimentary 
Treatise on Practical Ship Building is brought to a conclusion ; 
but still with a hope that it will be shortly followed by a Rudi- 


mentary Treatise on Masting, Mast-Making, and Rigging of 
Ships. 
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FOLLOWING WORKS ARE PUBLISHED, 


AND ARE TO BE HAD OF 


JOHN WEALE. 
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NAVAL ARCHITECTURE. 


In 1 vol, 4to text, and a large atlas folio volume of plates, half-bound, 
price 62. 6s., 


THE ELEMENTS AND PRACTICE OF 
NAVAL ARCHITECTURE ; 


Yr, a Treatise on Ship Building, theoretical and practical, on the best prin- 
‘iples established in Great Britain; with copious Tables of dimensions, 
icantlings, &c, ‘ 
Iljustrated with a series of large draughts, and numerous smaller engravings. 
The 8rd edition, with an Appendix, containing the principles and practice 
of constructing the Royal and Mercantile Navies, as invented and introduced 
by Six Ropert Sxvrinas, Surveyor of the Navy. 


By JOHN KNOWLES, F.R.S. 


LIST OF PLATES. 
Perspective of the frame of a 100-gun, Representations of a flying proa, 


slip. : Experiments on stability. 
Construction of an arch, circles, &c. Seales of solidity of tonnage and displace- 
Cones. ments. 
Capstans, crabs. Machines for driving and drawing bolts. 
Conducting bodies and bars. Longitudinal section and plan of a 74-gun 
Floating bodies. ship. 


Plates of Details.—The following are exccedingly large: 


Construction 1. Draughtofaship proposed | Construction 10. Sheer draught, half- 
2 carry 80 guns upon two decks, with breadth and body plans of a sloop of 
etail, war. 
2. Disposition of the frame | —~-—— 11. Draught of the Dart and 
fora ship of 80 guts. Arrow sloops, as designed by General 
3. The planking expanded of | Bentham. 
12. A brig of war, 18 guns. 


the 9U-gun ship. u 
——~————— 4. Profile of the inboard | —— 13. Inboard works of ditto. 
works of the 80-gun pS ————-_--—- 14. Plans of the upper and 
5. Plans of the gun deck and lower decks and platforms of a brig of war, 
orlop of ditto. ————— 15. Yacht Royal Sovereign. 
——_—_—_—_—— 6. Plans of the quarter deck, | ——- —— 1§. Yacht built for the Prince 
forecastle, and upper deck of ditto. Royal of Denmark. 
7. Main gear capstan of an | ———— 17. Plans and section of the 
80-gun ship, windlass, &c., and details. interior of a fire-ship. 
—_— 8. Midship section of a 74- | ——_——-——— 18. Draught and plans of a 
gun ship; midship section of a 74-gun bomb-vessel. 
) ne as proposed by Mr. Snodgrass; ——_—— 19. A cutter, upon a new 
midship section of a 36-gun frigate; mid-{ construction, with made of fitting sliding 
ship section of a 36-gun frigate, ds pro- keels. 
posed by Mr. Snodgrass; sketches of a 20. Sheer draught, half- 
new plan proposed for framing ships, breadth and body plans of an East 








at ere 




















A 




















and of the best mode of adopting iron- Indiaman. 
work in the construction, and other de- 2\1. Sheer draught, half 
tails. breadth and body plans of a West 


ome 





9. Sheer draught and plans Indiaman. 


of a 40-gun frigate, with launch, é&c. 22. A collier brig of 170 tons. 





WORKS PUBLISHED BY JOHN WEALF. 


onstruction 23. A Virginia-built boat, | Construction 33, Plan of the after body, 
fitted for a privatecr. sheer and half-breadth plans of the after 
24, A fast-sailing schooner. body, &c. 
25. A Virginia pilot boat. 34. After body plan, fore 
26. A Berwick smack. body plan, sheer and _half-breadth plans 
—_—_—___—- 27. A sloop of 6 tons, in the of the after cant body, sheer and half- 
London trade, particularly distinguished breadth plans of the fore cant body. 
for her capacity and velocity. 35. Horizontal transoms,cant 
28. A Southampton fishing transoms, sheer plan, pave did &e. 
————--—— 3. Square tuck, body plans, 
sheer and half-breadth plans. 
—_——__———. 37. Hawae pieces, cant hawse 

















hoy. 
: 29. The long boat of an &- 
gun ship, showing the nature of con- 
struction by whole moulding. 
—— ee —— WH), A launch, pinnace, eight- 38. Laying off of the stern, 
oared cutter, yaw), &c. laying off of the harpins, plan of the 
31. Wherry, life boat, whale | stern, sheer plans, body plans. 
boat, a gig, a swift rowing boat. —_——— 39. Plans, elevations, and 
32. Laying off, plan of the scetions of the different contrivances for 
fore body, sheer and half-breadth plan fitung the store-rooms, &c., on the orlop 
of the fore body, moulds belonging to! of an 80-gun ship, showing the method 
the square bodies, &c. of fitting all ships of the line in future. 








pieces, &e, 
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Drawn and engraved with dimensions, 8vo text, and folio plates, price 12s., 
THE NAVAL ARCHITECT'S PORTFOLIO, AND 
THE STUDENT'S PRACTICAL INSTRUCTOR 


In the Construction and Draughting of Ships for War, Mercantile, and Steam- 
Packet Service—Iron and Timber, 


By H. A. SUMMERFELDT, Lieut. in the Royal Norwegian Navy. 


Sei NN 


The Plates in large atlas folio, text in folio, prico 4, 4s., 
NAVAL ARCHITECTURE; 
OR, THE 


RUDIMENTS AND RULES OF SHIP BUILDING; 


Exemplified in a Series of Draughts and Plans, with Observations tending to 
the Improvement of that important art. 


By MARMADUKE STALKARTT, N.A. 


THE PLATES CONSIST OF 
1. A long boat fay a third-rate, six figures | 9. 74-gun ship, sheer draught and bottom, 


of various draughts. j fore and aft bodies. 
2. A yacht of 141 tons, ten figures of several | 10. Draughts, several. 
Traughts, ll. Right aft, a level view of the stern of a 
3. A sloop, 331 tons, sheer draught and 74+gun ship, side view of the head and 
bottom, fore and aft bodies. quarter gallery, &c. 
4. . picon of war, cant ee 12. A cutter, draughts, &c. 
5. e om and top side. 13. Exact method of ending the li 
6. Run felgete, fore and aft, and bottom, ey sections. aeuaenl 
a very fine and large engraving. 14. A ffigate, sh ; 
7. Draughts, several. Bere and aft bodies. erties anon sees 


8. The shift of the planks in the top side, 
and the disposition of the timbers in do. 


*," These plates exhibit fineness and correctness of drawing and engraving, 
and upon a large scale of rare occurrence. 
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STEAM NAVIGATION. 

In atlas folio size, with 25 very finely engraved plates by Le Krevx, price 25s. 
THE GREAT BRITAIN ATLANTIC STEAM SHIP 
oF 3500 trons, 
constructed of iron, with engines of 1000 to 2000 horse-power, and the 
screw propeller; with scales and figured dimensions to all the parts. 


LIST OF PLATES OF THE GREAT BRITAIN. 


1. Scetion of fore end of engine-rooin, sition of the plate-sleepers in the 
looking aft. ship’s bottom, after end. 

2, Section at after end of the boilers. 16,17. Section at the after end of the 

3. Section through the centre part of the vessel, showing sleepers and lower 
engine-room, looking forward. cargo deck. 

4, 5. Plans, elevations, and sections of the 18, 19. Upper earee deck, forward, show- 
cylinders. ing the mode of fixing to the sides 

6, 7. Main driving shaft and cranks, details. of the vessel. 

8, 9. Section at the fore end of the boilers. 20, 21. Plan of the engine and boiler-room, 

10, 11. Air-pump, connecting-rod, eleva- upper deck. 
tion and plan of the parallel motion, 22, 23. Longitudinal section through the 
air-pyumps, engines and boilers. 

12, 13. Piston, rods, and parallel motion 24, 25. End elevation of the screw pro- 
biocks, with plan. peller; elevation of the after end of 

14, 15. Section showing the manner of the vessel, showing screw propeller 

carrying the cargo-deck, and dispo- and rudder, 


In one very large-sized plate, finely engraved by Lowry, price 10s., with 
scales and measures, 


THE SHEER DRAUGHT, BODY PLAN, AND BOTTOM OF THE IRUN SHIP 


GREAT BRITAIN. 


COMPREHENSIVE AND COMPLETE WORK. 
THE APPENDICES TO THE ELABORATE EDITION OF 
TREDGOLD ON THE STEAM ENGINE AND ON 

STEAM NAVIGATION, 


Complete; being the Appendices A, B, C, D, EB, F, and G, and not included 
in the new edition of Tredgold ; 

Comprising very amply illustrated subjects on Steam Navigation, Steam 

Vessels, both of iron and timber, steam engine in the Government Arsenal, 

Woolwich; marine engines; an investigation and complete development of 

screw-propelling, and an elaborate treatise and detailed illustrations of the 

Cornish engine, &c. 

Collected and bound uniformly in one folio volume, with the text in 
medium quarto, half-cloth boards, price 5/. 15s. 6d.; forming a complete and 
separate work from any edition of Tredgold on the Steam Engine. 

The engravings are on a large scale, for practical use, and were drawn, 
explained, and corrected under the direction of the following scientific 
gentlemen :—Messrs. Laird, Liverpool; Seaward, Limehouse ; Fairbairn ; 
Oliver Lang, H. M. Shipwright, Woolwich ; William Pitcher, Northfleet ; 
Miller and Ravenhill; Sir William Symonds, &c., &c., &c. 
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APPENDICES A, B. 


LIST OF SUBJECTS AND PLATES. 


Iron steam yacht Glow-worm, constructed . Cross section of ditto, showing engines, 
by Mr. J. Laird, Birkenhead. ; _ construction of vessel, and paddles. 

Iron steam ship Rainbow, belonging to the Body plan, cross section, and saloon ; show- 
General Steam Navigation Company,: ing joinings, fittings, and decorations. 
draught lines at bottom, fore body to a; Mr. John Hague'’s 12-horse condensing en- 
large seale, by Mr. J. Laird. gine, in operation at the Arsenal of 

Plans of the engines of 90-horse powereach,! Woolwich: elevation, with dimensions 
4)-inch cylinders, 4-Gstroke, made byG.!_ of parts and references. : 

Forrester and Co., Liverpool, and fitted Longitudinal section, ditto, ditto. 
on board the Rainbow. Plan, ditto, ditto. 

Side elevation and section of ditto. Section, showing boiler, &c., ditto. 

‘Transverse section of ditto. | End section, showing furnace, &c., ditto. 

Draught of the American armed steam | Mr. Lang’s mode of connecting the stem, 
ship Fulton. Half the main breadth, 17|  stern-post, and keel together, for any 
feet; distance between the water lines, 2 description of vessel; and Mr. Lang’ 
feet; fore and after body precisely alike. method of framing the ribs and keels o 

Plans of upper and lower decks of the steam vessels, with a plan of timbers 
Admiralty yacht Black Eagle, with fit- explained, sectional parts, and dimen- 
tings, &c. sions. 

Plans of upper and lower decks of the iron | Chapman's draught lines of bottom, fore 
steam yacht Nevka, built for the n-} and aft bodies; and Mr. Whitelaw’s (of 
press of Russia, by Messrs. Fair~'arn! Glasgow) new contrivances in the steam 
and Co. | engine. 

Draught, section, and lines of the Nevka. : 


Several of these plates are of large size, nnd useful to practical men. 








APPENDIX C.—Price 1] 4s. 


LIST OF SUBJECTS AND PLATES. 

Gencral elevation of the starboard engine Different views of the condensing appa- 
and boilers of the Cyclons, showing the ratus, feed and bilge pumps, &c. 
relative position of all the parts con- Detail» of the parallel motion, connecting- 
nected therewith. rod and piston, cross-head, &c. 

End views of both engines at the paddle Elevations of part of one paddle-wheel 
shaft, with a section of the vessel taken and shaft, &c. 
at the same point, &c. Front elevation of two boilers, &c. 

Front elevation, section in elevation, and ‘Transverse sections of two boilers, &c. 
plan of the cylinder, steam nozzles, and Plans of the four boilers, dc. 
ae spent with details of the eecen- Appendages to the boilers, &c. 

ric, Ce 


Together with several details scattered over the plates. 


APPENDIX b.—FPrice 10s. 6d. 
THE ARCHIMEDEAN SCREW, or SUBMARINE PROPELLER, 
ILLUSTRATED : 


Describing also the inventions and experiments on this important subject 
By ELIJAH GALLOWAY, C.F. 


APPENDICES E, ¥.—Price il. 58. 


LIST OF SUBJECTS. 
West Indian mail steam packet Isis, by H. M. steam frigate of war Cyclops, by Sir 


Mr. Pitcher, Northfleet. Wm. Symonds, Surveyor of the Navy. 
The Orion Ipswich steam packet vessel, by Engines of the Dee and Solway West India 
Mr. Read, Ipswich. mail steam packets, by Messrs. Scott, 


Engines of the Isis, by Messrs. Miller & Co, Sinclair, and Co. 
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The plates are very large, and consist of 


Sheer draught and 
and after body o 
India ket Isis. 

Lines of bottom, ditto. 

Plan of spar deck, showing Captain Smith’s 
life-boats. ° 

Plans of upper and lower decks, ditto. 

Bidehip section, ditto. 

Sheer rangi lines of bottom, and after 
body of the Orton Ipswich iron packet. 

Plan of deck of ditto. 

Longitudinal elevation of one of the engines 
of the Isis. 

End elevation of ditto, showing paddles, 
shaft, and construction of vesscl. 


rofileof inboard works | Plan of the engines of the Isis, together with 
the Royal mail West | 


| Sheer draught, profile of inboard works, 


the boilers, engine-room, &c. 


with lines of bottom, and after body, of 
Her Majesty’s steam frigate Cyclops. 

Plans of upper and lower decks of ditto. 

Sketch of spars, sails, &c., of ditto. 

Transverse section, and part of frame-work 
of ditto, showing the admirable construc- 
tion of this vessel. 

Longitudinal elevation of one of the 
engines of the Royal mail West India 
packets Dee and Solway. 

Two end views of ditto. 

Plan of ditto. 


APPENDIX G.—Price Il. 12s. 
THE CORNISH PUMPING ENGINE: 


Designed and constructed at the Hayle C. oper-House in Cornwall, under the 
superintendence of Captain JENKINS ; erected and now on duty at the coal 


mines of Languin, Department of the Loire Inféricur, near Nantes. 
Historically and scientifically described 


elaborate Drawings. 


Nine 


By WILLIAM POLE, F.R.A.S., Assoc. Inst. C.E., &c. 
LIST OF THE PLATES. 


Plan of the engine and boilers.—Side ele- 
vation of engine. 

End view of engine and boilers. 

Details of cylinder, nozzles, valves, hand- 
gearing, &c. 


j Details of air-pump, condensers, feed- 


pump, &c. 

Ditto boiler and boiler apparatus. 

Plevauon and sections of pumps and pit- 
work. 


The text ina 4to volume, and plates in a large folio size. 


Eight large atlas folio very fine line engravings, by Grapwin, from elaborate 
drawings made expressly by Mr. WicKsTEED, in a wrapper folio, together 
with a 4to explanation of the plates, containing an engraving, by Lowry, of 
Harvey and West's patent pump-valve, with specification, price 2/, 2s. 


THE ELABORATELY ENGRAVED 


ILLUSTRATIONS or rHE 


CORNISH ann BOULTON 


AND WATT ENGINES 


ERKCTED AT THE EAST LONDON WATER-WORKES, OLD FORD, 
By THOMAS WICKSTEED, C.E. 
CORNIBH ENGINE. 


1. Side elevation of the engine, pump, and 
stand pipe, with longitudinal section of 
the engine-house. 

2. Longitudinal section of the engine, &c., 
on an enlarged scale. 

3. Plan of the boiler-house and four cylin- 
drical boilers, two of which, together 
with the warming tube, are shown in 
section. Plan of the engine-house and 
engine, with pump, and stand pipe. 
Longitudinal section of the cataract for 


opening the equilibrium valve. Eleva- 
tion of ditto for opening the exhaustion 
and steam valves. 

4. Front elevation of the face of the boilers, 
a cross section of the four boilers and 
the warming tube, showing the side 
and bottom flues, the bridge, fire-bars, 
and descending flues to bottom fiue. 
Longitudinal section of one boiler and 
bottom fiue, showing the end and main 
flues in cross section, &c, 
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BOULTON AND WATT ENGINE. 


1. General elevation of the engine, main showing the grates and seating of one 
pump, air-vessel, &c., with longitudinal boiler and section of another through 
section of the engine-house and well. the internal flue. Plan of the engine- 
Elevation of the cylinder, air-pump, house and engine, with pump, air ves- 
and condenser, with traverse section sel, &c. 
of the engine-house through the cold 4. Longitudina) section of the boiler-house 
water cistern. and one boiler. Transverse section of 

2. Longitudinal section of the engine-house the boiler-house, with transverse section 
and engine, main pump, air vessel, of one boiler, and front elevation of 
&c., to an enlarged scale. the face of the other, with Stanley's 

3. Plan of the boiler-house and two boilers, fire-feeder. 


In 4to, price 6s. 
AN EXPERIMENTAL INQUIRY 
Concerning the relative power of, and useful effect produced by, the 
CORNISH anp BOULTON axpn WATT PUMPING 
ENGINES, 
AND CYLINDRICAL AND WAGGON-HEAD BOTLERS. 
By THOMAS WICKSTEED, C.E., 


Engineer to the East London Water-works. 


THE HIGH-PRESSURE ENGINE. 
In 2 vols. 8vo, with 28 fine plates by Gladwin, (complete work,) price 162. 6d. 


THE HIGH-PRESSURE STEAM ENGINE: 


An exposition of its comparative merit, and an essay towards an improved 
system of construction adapted especially to secure safety and economy. 


By Dr. ERNST ALBAN. 


Translated from the German, with Notes, by W. Pots, C.E., F.R. Ast. Soc., 
Assoc. Inst. C.E 


In 4to, with a Plate, price 10s. 6¢., 
AN ANALYTICAL INVESTIGATION OF THE ACTION OF 
THE 


CORNISH PUMPING ENGINE. 
By WILLIAM POLE, C.E., 


Fellow of the Royal Astronomical Society; Associate of the Institution of Civil 
Engineers. 


This, the Third Part, completes the ‘Treatiseon the Cornish Pumping Engine.’ 
Parts I. and II. may also be had. 


G. Woodfall and Son, Printers, Angel Court, Skinner Street, London, 


